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Precision Verification of the Marker Type Joint Angle Measurement during

Basketball Shot Movement Using Azure Kinect:
Focusing on the peak-angle and peak-to-peak duration
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Abstract

In this study, we hypothesized that the accuracy of angular measurement of distal joints in basketball
shooting-like motion is improved by Azure Kinect over KINECT v2, and that the temporal parameter
accuracy is high level for all measured joints. The accuracy of the parameters was verified by
simultaneous measuring with OptiTrack.

The ICC of the peak flexion angle of the wrist joint was 0.604, which was higher than the value of the
same condition in the previous study (ICC = 0.340), supporting the hypothesis that the accuracy of angle
measurement at the distal joints was improved over KINECT v2. However, the lower 95% limit of the
ICC for the peak angles of wrist flexion and elbow flexion and extension was below 0.8. The ICCs for
the duration between peak flexion and extension during FE movements were above 0.9 for the shoulder,
hip, knee, and ankle joints, but below 0.8 for the wrist and elbow joints. Therefore, the hypothesis of this
study that the temporal parameter accuracy was high for all joints was rejected.

These results suggest that although the accuracy of the Azure Kinect of the basketball shooting-like
motion measurement was improved in distal joints such as the elbow and wrist compared to the KINECT
v2 measurement, it still needs to be interpreted with caution. The temporal parameter accuracy was also
not high for the distal joints. It was concluded that it is necessary to develop a sensor with an improved
measurement frequency for the depth camera or to use a non-marker type sensor for the development of
a motion form feedback system.



126 Azure Kinect & V7227 v bR =D ¥ 22— FNEWEF O~ — 7 — 2 BIE A BE I E O R FEREE

I #®&8

PR, AR=V B 2EHNFNT— 5 2B TEL Y — VL L HES L TY
o FEATHREER EB) RIE 2 BUEIL T X AR R A 4V TEMER ST B TN, AP, Y a— |
DR A, BIEER 2 ERFHITE 2 U NE N A B R — LY (94fifty © InfoMotion
Sports Technologies Inc.) 2MCEWZRBITH %,

2D X B HFHIY — Vv ORERE RGNS T — 5 OB YL ERO D I EE B TH Y,
ek U7z oafifty OREFERMGEL 725 RS (2016) 13, E# Y 7+ A A2 5 2L, 7)) — 20—
BLU3IRA Y MY a— MEOR—IVAGFHE L R OMPHBEAEZ ZI L, ASAIZOWTiE
ICC AHIRIAET T — 7 D7 4 — F /Ny Z 1T BBRICIIIEEASLETH S LR RT05EY, —
FHTNy 7 A8 VI L CEIEFITEHWICC 2R LTBY, NAT vy PR—LVOFFEIZZDY—)
RIEHTE S I EARIBERTWEY,

T BROEHFETF— 2B, DT VEET7 A — 2T AT b AR—VIHEIIB W TAHR
BEEMERDLZEIRBEINT VD, BIZIE, W27y FR=VIIBITE 7)) — 20 —ORIIRIE
The - BB OB AE L OMICHERHBEBRERT LR, EEORBERLTFHORF v TRy 2 —
NOER G EZEO L OOFBICEELEHTH L I EVFRESINTVEY, GERZHLOE
FEREEL 72012, BHBEOREECTFTI I ATIRE=—VarFy 7F vy VAT A&7z
ERAT) CEVMETH D, ZOHFEE, BHPIEEICHET, 12508y 747 - Fx YT
L—3a vyl OBMEANTNEBELLTLE) Lo 2HIRPEL, RERYToE
F 3 L OPBURTH 5

WAETIR AR FHOREICEY, =Yg vF v 7T v QT LIEECEBSN 27— ¥
IS L, $REIIEHCTEX 20D L5 Y — VB S UIRD TWwb, 621X, Microsoft
AP S L 72 Kinect (&, ARIMREOIGIC X 2 SOF T EIRE B A S YR O R ERG % £ % /75X (Time
of Flight : TOF) 2MFH SN TBHBY, 1A TOMETD 3KICHET — ¥ 25 TE %, KINECT
VEE—VarFx7Fx AT L (VICON) THlE L7 —Au—fREifEIC BT % B A
WA A Ll L 726 TF2E TUd, T3 BIIRRIE 2 O K & 2 B Cld —BUE & h - 7-
bOD, B EE AKX VIR R TR 044 FE 122w T KINECT v2 TR o s il g &
LW EARENTWVDEY, RDE—Y 3 v F v TF ¥ VAT 4 KD v — 7 —FBilERED
Kinect D36, ABENIKE VI CIXIEMHICAELZNETE hho7cb D LRI NL, T2,
CORATHIZETIX, AEZOLOOBELIHEEL TEH T, AEEILOREMNZ/XT X —F Off
JEIZ DWW TIIMRGEE ST v, Kinect O BEHEEIT L T/8—F ¥V VIREE OBIER % M
FEL72BATRRE D & 512, v —h — (LB OREMEEN L > TVTH, BERHDZELT 55 1 3
YTZOWTRERBETHETEX21REED H 5.

Z 2T, RWFFETIZEATHIZED KINECT v2 O R EEMGE CRTL S N b o 72 pi % FIRGES 5 720,
PR OPEEY ¥ (Azure Kinect) Z2NNA F XA D=7 ANHTER L TWAREFERE—Y 3 v F v
TF % ¥ A5 4 (OptiTrack) & FIERFET 5 2 & THREHEOMILZ B2 %o 720 BATHI%RE LT
FRICR = V2R LR WIRETO TRJEM - EEB ENS 220327 v P R—=V Y 2 — M EkEifE%
WREIEL UCikE Lize T72, BARERIMIRAL O £ B 2 K5 13 Azure Kinect 2B W CH#E S
THEY, BHNZZINT A =FBEIZOVTIEETOREBICB T [BEErSEV] & 3h



] - BRIER - RIFIR L - B HEAT 127

508 %Mz AEMHERT & VIR AT,

oI A&

HERE

B BRI AT 2 44 (AE#G 22, B : 168cm, 1KIE : 61kg), (4EfG 22 5%, B
174cm, RHE 1 72kg) TH Y, 2 NE B KFEDONA v PR—LVEIZHIBELTB Y, 7EULEON A7 >
bR —IVEEERDS B - 72,

FREEEN(E

ABFZETIE, NAFZ Y PAR—= VT a— b L FERYLEEOREMEE (LUF, Flexion-
Extension B : FE Bjf) 2 @B E L U TR L7z BBREICIZ[ 7)) — A0 —%2 A A=Y LTV
YTLBWEDIAT) | SRR L BPEREICOSFEI A0 KD FE@MELZE/L, 10 AT L
W1 BEORBZTATZD, BEE D SR LN D 556 T ORER G %2 3% )72, EBERED
B2 11287,

K1 F#EEtyF1 7

5 AR

212 Azure Kinect (Microsoft #) #R9 . Tty HiIAEry —2atkie LTSN D
DTHHH, PCLEHRT L2 CTHEREIRMOMIET — & #PFTE D &) Fifl % 782, Azure
Kinect T#llH H WV 5 N5 BHEHITTER, BEET VI X 2 BRI OHEE B 2 % 9 KINECT
SDK & W) lH I~ = — 20 WFETH 25, FRVEER/N S BRI % R
Wig 5 2HEIERE < 2 <, HERIETSUNAD S OHFSZIZHES v & v o 22D 5. AIFZETIE
Azure Kinect iy 7 F T 5 ICpro (v 2 —F v 7 M AHE) 2Hw, ~—h—#@#i#ERUC



128 Azure Kinect Z W72 N2 v b R— VDY 2 — NEWER O~ — 7 — 2B 2 I E O K MR EE

THE PRI D 3 RICHEIE T — 7 2 WS L7z F72, Azure Kinect DEERE A A 5 ORI 1T 640 x
576 px IHZ.®» KINECT v2 @ 512 x 424 px 2 i L T\ 575, oM kiid 30Hz 2» 5 EH S h
Twin’,

2 Azure Kinect M4

OptiTrack Z AR LED 2L 72 AT EZRILE IS v F V7V 772705 % 58
DEEEDHNA TN RIE—VavF X TF X IVATLATHS, RIIHHLEEED XS
(Flex13 : #i# 120FPS) #7R¥

Oprilrack

3 OptiTrack TfEH L 7= Flex13



SUHAEN] - BREER I - IRIFIRZ - LA HELT 129

T — 2 BIE - 3B

g~ —A— (EfF 16mm) ZMEE, FARGHOREE, hasal L5, 2VEERsee, Mg
MP BISiAMAl, K1, EE—ESoHD, JER, 85 PRE KD 9 it Lz, ~—7—
DN %, FE #§1E% Azure Kinect & OptiTrack (2 TR L7z ZNENOEE IO FEM %
B/ R A N

Azure Kinect (& 1 5 T 2 FEti L, / — b PC (Mouse Computer #H#) 1 &%k L THW 2,
7 — 7 WSO $E 30Hz TdH - 720 RiFZETid Azure Kinect & > 313 L ¥ O HLL % R
5 0.8m, WERFOLEMED S 3m BENAEICHRE L, WEBREOLGN T SHhE T 72, 15
DNTERET =5 1EV T M TT 74V bPEEL > TWAHSHz DU —78Z27 4 )V (Butterworth
filter) B X OHIMBERICE D/ f AOWMEL KIBT— 7 OHil % B 2 % > 72, OptiTrack (22T
¥ Flex13 % 3H& M7 v F 27V 7 b Motive (SPICE #1) ZfiH L, 120Hz T7— % = ick L 7=

T— 20

FE 8111 40 RIS D50 L 7225, MEAMEOKBLD 230 Mgallg T —4% & LTHRA L7,
Azure Kinect & OptiTrack 7> 58 SN 7= K EALDO 7 — & 2 U KB O 2 Kotk fmE Y — 7 il
SOMEMEY -2zl L7z, K4BIORS ICHEAEOERBL O -2 AEL R LK4)H
MOLEBHB 2 RS, T2, FRENOEHIZOWT, BlIE— 2723 L ThroMEY— 22410 5%
T COMEM (¥— 27 MPTERERE) %2872,

TR
FEAE
[ BEIEN
R BaH
23S
JR B

4 PAERFEEDER



130 Azure Kinect Z W72 N2 v bR =D ¥ 2 — FEIEF O~ — 7 — 2 BI £ B  E O K FEMREIE

#KEHE PN ST RXEREE
5 BRI o L5

frEthnig

A O FEAMF = 1L Il + MR 72 CT/R L 72o Azure Kinect & OptiTrack 12 & % %R ¥ —
7B XY — 7 BIFT R o el 12 13 IBM SPSS statistics 24 12 & 2 PRI B2 ICC % 3K,
ICC @ 5% XM D T Lz, 72, AEAKEIX) <001 & L7,

M #%R

Azure Kinect & OptiTrack ® 227 — & —F W% BT 2 K HS ORI EO Y — 27 HAEO
ICC 23 112 ICC ® 95%EHHIX M % X 6 12783 FE B o RIS, JERIEN, T8RS, KRB
X OBMEi ol - MEY — 27 B, Nz CFEEOMEY — 27 MO ICCIE—M#MI [EEE
WEW] LE3Nb08FMZ LA R LIz — I TREHORINY — 27 O ICC 1 0.604 & [LiK
A 2 7R L 7z

RH2WHAI VT O—F M2 ERT LY — 7 BT EEM O ICC #, ICC ® 95% 15 fHIX [H
712”7, EF e o Baf, EBIES, HBIE S X OB ¥ — 7 BIATERER o ICC 1 0.9
R Z HEE IR LTz — ) TR & FREI O ¥ — 7 BIFTZERH 0 ICC 13 0.8 % T A ftiz 7R L7z,



FICEH RN - RREEMR T - IR - DA BT 131
#1 KEHOEMMED Y — 7 MEOREHES X ORPHBEAE (% : p<0.01)
Azuke Kinect Bl {H (deg)  OptiTrack BIE{H (deg) ICC  ICCTRRE95% ICC_HRRO5%
EiE—o g E 1311+ 72 1323 + 59 0.604* 0267 0783
FEAET
HREC—yaE 2407 + 30.9 2440 + 316 0.800* 0.805 0.928
RRE— A 747 + 35 747 + 4.1 0.856" 0.781 0.899
RS E
BEC—Y AR 1582 + 15.2 156.9 + 16.3 0.836* 0.652 0.984
Ee—s A 174 + 49 175 + 438 0.995* 0.992 0.997
BN
EC—YAE 1262 + 6.7 1259 + 6.3 0.986" 0.982 0.997
EEE—, & 745 + 5.8 745 + 5.1 0.996" 0.994 0.998
2RI
HREE—Y A E 985 + 2.1 98.6 + 2.2 0.984" 0972 0.990
Be—smE 107.8 + 88 107.9 + 6.7 0.991* 0.985 0.995
%Eﬁ% P S PP
fEC—Y A 1758 + 1.8 175.7 + 1.7 0.980* 0.965 0.989
REE—/ A 1306 + 16.8 1311 £ 175 0.990" 0983 0.994
3238301 :
EE—VAE 177.8 + 1.2 1778 + 15 0.992* 0.986 0.995
E—2fE 100 95%SHE XK
1.0 - . - . . . . .
0.9 }
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

FHEES FHEGE NHBREtG HEEGE BHEED EHEEGE ZHEEH EHECRE BHEED BMEeR REEEdD  RREEeRE

6 AP

415 0 1CC5% 12 HH X [



132 Azure Kinect Z W72 N2 v bR =D ¥ 2 — FEIEF O~ — 7 — 2 BI £ B  E O K FEMREIE

#2 FHEE O MMED Y — 7 BT ERHOWEMS & AR (% : p<0.01)

Azuke Kinect BIE1E (s) OptiTrack BIEE (s) ICC ICCTBR9I5%  ICCLERRIS%
FEMC— VMR ERRE 0.45 £ 0.12 0.40 £ 0.19 0.659" 0.486 0.783
[t BEEIE—/ R A R 031 +0.20 025 + 0.14 0.750* 0.148 0.901
JBEAETE— /AT & R R 1.24 £ 0.54 1.22 = 0.54 0.982* 0.862 0.991
2 BAETE— 4 8 T 2 B ] 0.48 + 0.09 0.48 + 0.10 0.991* 0.982 0.996
BRI E— 7 T A 0.50 £ 0.10 0.50 £ 0.10 0.912* 0.908 0978
[ ERETE— VAT R 053 £ 0.1 052 £ 0.11 0.952* 0.903 0977

E—2 RIFrERRE [CC 95%ERE X
1.0

. 1
09 | | I I
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

0.0
FRAEn it BeI B R EEn B FRRaER A BA R

7 HHBEY — 2 BPTEREE 0 1CC95% 18 HEIX [

NV EE

MEiAELE— @D ICCICDWT

FE Bi{ERF O i il - MR Y — 27 MED ICC X, FHMOMMY — 27 MELRELT08 %4 BR %
fili% ;R U720 KINECT v2 % 725647 0F 98  Natural 40T, TR & Mo — 2 f
FEDICCH 0.8 % TluloTWwiz, F72, FHEOEIY -2 AEDICCH, BI7if5Eo Natural 55



SUHAEN] - BREER I - IRIFIRZ - LA HELT 133

ft (ICC = 0.340) % L[5 0604 £ WIHHETH 72" TNOEDZ L2 EET S E, KOG
i) Azure Kinect ZIH#IO KINECT v2 & LKL, ~—A—:RTHONZX 7y bR—=IV T 2— Mk
RIS BT 5 LG 0@ BEEi oA BERNERENR E L0 LM TE S, LrLARDS, 95%
fEEXMCcAL L, FHEHOEMENEHORME L OMEDOY -7 MED ICC DT 95%1% 0.8
ZTH->TBY, Zhb5D/8F5 X —% % Azure Kinect THIE T A ¥E1%, RAZRIZEEHN L
TH 90

E— VBRRERBEOICC ICDW\T

FE BY{ERE O il - e ¥ — 7 M EERE I o ICC (25 B, MeBasd, Mepaf, KRBEi<iz09 %
BRZAMEZRLZZb00, FHAEBLPNEATIZ08 2 TRIAMETH7e 2O LMD, K
72785 A = ZHEEIZOVTIRETOMBICB VT 08 282 5 EMEE/RYT &) AIFFED R
BEHNENT, AFEDOICC DFERLEEZADLELE, AR TIEMWZNEREE LI VT
B RSB T 28R ozt i b, —HT, N=F UV VREHOH 2 OBEICB TS
KINECT Dl 52 K5 FE % M3l L 72 Galna et al. (2014) (X % &, BAEIMAERME & Vo 22 iy —
WEEIZEHIC L o TRELCERDINIA IV TICHET 2 —HEIEOGEIMTH - THEHNT &
ZRLTWAY, ZofBEOMEDREEE LT, WEHEDOEN EBERROLEDEND 25
BEZHLNS, Galna bOWFETIE, ~— 7 —3Tld7% < Kinect SDK &\ ) BHEHELE S AT A%
Hutwi, v =7 —RNME 06, AEEIKEVIEE SR LTt ERGEE EARE (R
IREND 120, EBOREEED S DRENKEL o 72N H 5. 72, Galna b ORFZETILER
LA, V—F 27, BRI E Vo REEASTRH ST zoizxt L, ARWFZETIE ARG /A HE 28
IEWIHL LAYy PR—VDY 22— METH o720 COFEREDEN S, RN (T
A= REEOECOERD 1 DL LTEZBND,

SHROEZL - IREDRR

AFTE TR E OBGE % B Z 7 - 72 Azure Kinect 1, KINECT v2 & [Lig L TN BIEi R TR & v o
7oA OBEREEE XA L LT b 00, ZOBEIZRZBRIERSLELKETH - 72, N
AT, MR T A= FREDMET— & LHROMIN L 2572, T bl Azure Kinect 133
FEMROFFEE LN L LT 72 b 00, SgREBIEEf L TCuhh o/ e d o LzkiRe
Z2oNb, BAGT— 8 ZHHEIZ T + — 2 5EHD 7 4 — F Ny ZIZHWS720121%, BEAIATD
W ERBE E L2 oS, b LLREY—D -ty oFfifIkd 55,

¥ 72, OptiTrack TOMEMZ T— NV KA ¥ U F—FELZEICHTELZHILEND S,
OptiTrack /54 % 2 51 = 7 A5 CIE S VBN T WA FHETH S SO0, EOMEfES Y —
7 IR 2 S L 72 b DTH 20 E AL SHSPICIETE RV, 2O PUIEARFIRDORA &
LTRRTBLLITFIUE TR WES S,

V

AFZe1E, Azure Kinect DN A4 v B — U 2 — MEBIEIC BT 5 BARF B O £ 1 0 2 kG
JEASKINECT v2 X W EsnTH Y, BN /$5 A= HEICOWTIZETOEMIIBYTE



134 Azure Kinect Z 272827 v b F— v D 3 2 — MEER O~ — 7 — B B E O R EEARGE

fli% R L B & T, OptiTrack & MFHRET 5 2 & THIEHMIEORTZ B %570 20
S LT OSSR S M,

1. FREEHOBIY — 27 AEO ICC IZEATHIED LMD fE (ICC = 0.340) % L% 0.604 &\ 9
fETH 0, BRI OAERERHBEDN KINECTv2 X DSBS T b L v ) TSRS
Nize L2L%A5, BREEXMTAZ L, FHHOEMENEHOREME X OMMEO Y —
7 HEDICC DTRR95%1 0.8 % T Hl- T/,

2. FE §ifElsoJm il - M ¥ — 7 M ZERe o ICC 138 Bat, BePaf, MBI, RPMiTIZ09 %
BRAMEZR L7200, FHHBIVHMEHTIZ08Z THAHTH-7ce 2O DD,
R 72 8T A — FREEEIC O W TIEETOMEMIC B W TEEZ R T &\ ) RO MREITHEA
Iz,

LI Eo#EHEA S, Azure Kinect (2B B2 v R —)V ¥ 2 — MEEEIERIE &, KINECT v2
12X 2508 g LN B PRI & v o 72 RO MERE LM L L Tz oo, RIEHR
WCHEESBELRKEEZZ OGN, TR 8T X =2 1FES, UMM TIEEWKETIER
WEIRIE S N, HIEHREIET + —2 D7 4 — KNy 2 VAT AOREOIDITIE, BEH AT
OME ST EA T E L2 FoRgE, b LLAREY—I—RKOL VORIV LETH 5 & fim
fFir iz,

VI EER

AMF521% JSPS B 19K19960 DB % 21T 72H DT o AWFSeid 2021 4R IR $ v ~fHif
AL 4 [-A-2 OB 2 Z 1 CwE§s

5| F3C#k

1) Halouani, J., Ghattasi, K., Bouzid, M. A., Rosemann, T., Nikolaidis, P. T., Chtourou, H., & Knechtle, B. Physical and
physiological responses during the stop-ball rule during small-sided games in soccer players. Sports, 2019; 7 (5), 117.
2) ki~ vITITN BET o by A7 A0S (BERRE). SRS ERE. 2016 5 57 (10), 734-
737.

3) wERMEN, BEHBEE, R kU ANRTy PRV EHGZY 2= 0Ny 2 2 Vafin e ASA o
FEEEMGIE. /NA > hAR—=IVIFZE. 2016 (2), 33-39.

4) JEEm—. NAT v MR—=VO 7)) =20 —KYFEICKITTHMES O R KERE, 2011 (44), 5
12.

5) RITEENE, WEPHIR, "KINECT V2 & v 4% w727 ) — A 1 —fRE o>~ — 7 — 2B 4 B2 0 52 0 45 BEALE,
ISRy bAR—IVAEFZE. 2018 ¢ (4), 55-63.

6) Galna B, Barry G, Jackson D, Mhiripiri D, Olivier P, Rochester L. Accuracy of the Microsoft Kinect sensor for
measuring movement in people with Parkinson’s disease. Gait & Posture. 2014; 39 (4), 1062-1068.

7)  Microsoft. “Azure Kinect & Kinect Windows v2 @ [t#% ”. Microsoft document. 2022/01/25. https://docs.microsoft.
com/ja-jp/azure/kinect-dk/windows-comparison, ( ##& 7 7 & A 2022/02/14)



