TR 2R
IPSJ SIG Technical Report

Vo0l.2022-DPS-190 No.20

Vol1.2022-CSEC-96 No.20

BEEND B EEEMIZm 7=
N—=YFILE—=2arvxvTFr—TINA R
~ILXXRA—RBEOEHFEHZHADH~

ATFoR—BR Y AvamEE D HATER D s 2

BE  FAE OB ENRERRIE O NS 21T O SR e A2 MEOEHWR—=Y FLE—va Xy TS v —F
A ZDWEEEAT - 7=, 3 WA 72 & ONT 3 W W & o s & 7 2 EMSEB £ o IC F v FITREEE I~ A1 7
nay he—JZMHnAbE5 2 & T, R AK 15 BEOEES%E SD AT I— F~GtkT 52 LT 5.
3D 7V X X DR — ASDEIETIET A AORERITN 39 T LT ERY, BEMZRFARZIZ
ARECH T, ZOTNA RAET U XX —HBHIEL v A OB EITH) KFOEE 7 FACHEALIZEZA, &
MEDHEBFEZ ) XLDELE, VALDOPLE, 772y FOPSICONWTHELT D Z LN TEZ. £LT,
28O DER 7 7 ATIE, BMBEOBEE 2T LXX X —EEEEN EE2EER L. £72, T3 A0 EIIEE
AEEHET HE— /a/%k7%¥~ﬂ EEUVAVLABEEY 22— EHIHBHTHZ LT, a—FRAbhr—
7%& kBT LR XL —HEICRBIT BHE FUOEEFHNBW 2 Y T AL A DMSTITI VAT LB YELE., 75

B DL REBL_VCHD 16 HOT~F 27 FEIL DRHEEROFE, Y XLDIEL SBER SN2
I, HETZ7 A+ —LDELE~EHENE > T EENHETLZ ER”ShoT-.

F—IJ—F:E—vary7Fr—, HEEHE Y, ZL¥FFY—, a—RNAba—7

Personal Wearable Motion Capture Device
for Daily Physical Activity Evaluation
~ Application for Kinesiological Diagnosis of Electric Guitar Play ~

SOICHIRO MATSUSHITAT! ~ KANAME KOMATSU'!  REI TAMURAT!

FUMIYOSHI KAMO?

Abstract: A wrist-worn personal motion capture device by using inertial motion sensors has been investigated to record and
evaluate daily physical activity. The developed device utilizing a 3-axis accelerometer, a 3-axis gyroscope, a low power
microcontroller, and a microSD memory card can be operated for up to 15 hours. A wristwatch-like device including a rechargeable
battery weighs less than 39 grams. A motion tracking calculation algorithm without using a magnetometer may expand the
applicable situation for the motion capture device. A chord strumming technique of the electric guitar was chosen as an application
for the proposed device worn on the player's dominant hand. Sixteen amateur subjects having a wide range of playing experience
participated in the motion diagnosis experiments. The kinesiological diagnosis may show the accuracy of strumming rhythm, the
sharpness of accent, and the guitar-playing form in terms of attitude angles toward the ground. The guitar playing tasks were able
to be found by using timestamps and the characteristic features in the attitude angle waveforms in a 5-hour-long guitar lesson and
development class. The participants showed remarkable progress in the class held for 28 weeks. In addition, Some of them became
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to pay attention to the attitude angles by referring to the playing-form of the professional guitarist.

Keywords: Motion capture, Motion tracking, Inertial sensor, Electric guitar, Chord strumming
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Figure 1 Wrist-worn motion capture devices.
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Table 1 Specifications for the wrist-worn devices.

Configuration Base device Extended
Size 43.0% x 35.0¢ x 10.5' mm (w/o watchband)
Total weight 37 grams 39 grams
Battery 3.7V 110mAh 3.7V 150mAh
Battery Life 11 hours (w/o RF) 15 hours (w/o RF)

Sensing Range +16G (1G = 9.8m/s?), £2000dps

Sampling Freq. 500 Hz 500/512 Hz
. 2.4GHz Wireless
Remarks 24GHz Wireless Microphone, Touch sensor

Sub board (detachable) Main board
E <ERF transceiver ' !
: 2.4GHz : I’C | Realtime :
] ] UART ]
; 250kbps | clock :
16 bit sync.
; O 8kHz ! Microcontroller 12c | 6-axis motion | !
1 MIC analog! sensor
E i Base clock 8MHz i

" (up to 64MHz) .
; Capacitive ! SPI 32GB pSD .
' touch sensor | !
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Figure 2 Circuit block diagram of the wrist-worn devices.
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Figure 3 Definition of coordinate system and attitude angles.
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Figure 4 Musical score for chord strumming with accent.
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Table 2 Motion evaluation parameters for chord strumming.

Parameter Description Unit
Time duration between the consequtive
Td sec
down strums
Rerr Rhythm error from reference duration Tr %
Rerr = (Td - Try/Tr ’
Rdev Rhythm deviation in the specified strums %

Rdev = stdev(Td)/average(Td)

Time duration for 10-90% of cumulative
Sharp L . msec
angular jerk in down strums with accent

Peak-to-peak amplitude of the elbow

A8 s
swinging angle 6

deg

Peak-to-peak amplitude of the wrist

twisting angle ¢ deg

Ag
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Figure 5 Screenshot of PC application for post analysis.
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Figure 6 Screenshot of strumming analysis application.
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Figure 7 Intuitive coordinate system for the 6-¢ trace plot.
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Figure 8 Guitar lesson class with the wrist-worn sensor devices.
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Figure 9 Changes in rhythm error in the lesson class.
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Figure 10 Changes in rhythm deviation in the lesson class.
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Figure 11 Changes in accent sharpness in the lesson class.
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Figure 12 Elbow-swinging angle amplitude along with rhythm.
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Figure 14 Screenshot of real time guitar lesson application.

6. UZPINEAALLTDFXFER—LYARVVRTL
6.1 EENEI—FRYIICAFTESRTLATHSY
XA —BEROFEZR IV AT HIF, HEEPFIC PC HHS
BB T ORBORNIFEOFEIBCED THDH. =
DO—FT, FEFEFROILLFE FMTOE v 2 7
TEICENTELEBHEICE > TE, BERHOANRT &0
ST AR L XX Y —HE T A — L ERLRBL, 20O
B THZBED A REBICOVWTD T 4 — Ny 7 %255 2
BB E R B LN EZDND. KPR TREL -
MR EER & YT A AT, EEE 5 &2~ 4 7 1 SD
H— NIRRT A eWITLTCE—Yar b TyFx s
HEAAOWNZa— FA ha— 7 KT 5 ES/ T X —
HEHEL, 24GHz DO T A Y L AT —X@EEV 2 —/L
Z LT PC HD T KT ATHBRATAE R A At T
HIENTED., 22T, FHRONICLDHANDS, a—
RA MR —=2FHED T +— L% EWEL T TZDIZhER
TROLIRT 4 — Ky JHERERE LT
(A) Eox 7 E2TOMEFORBMEN (0-9)
B) 77y FoOgE (Sharp)
(©) VAALOEMS (Rerr 35X U Rdev)
ZITH, VALDIEMEEX—T7 LoD, HEMICERE
THHT 72 MOV Y —T IPZEREINTNDZ L EA

(©2022 Information Processing Society of Japan

Vo0l1.2022-DPS-190 No.20
Vo0l.2022-CSEC-96 No.20
2022/3/10
HZ LMz, RELWHBHREZGLTCODOFOEH:NL
FaEFTHEBR LW ZEEE L. LT, TrXH)Y
A MZ X D HEE T OB FH A S & 0 B U7 iHn o Z
A—ZETICUIERAFHI 1T 5 & & big, Fl&E FOES
M E Y 77 L AL LCTHBRRT DT 7Y r—v
ayEERLE. K14 XV TAVEA ATOa— KA kR
—JHEL Y AT HBEO PC HE Th 5725, HiEA L
DINT 4> RU~NE (a) TuxH U 2 MK DB
X, (b) ¥ oA brur—27|Z8}5 Sharp fE, (c) U R4
D5 E Rdev EFHHEY XA, OWVTHNERIRL T
FRL TS, (a) ORBAUBFERIE, K 14 OB A IZE
EINTANT 0 RYNS~OEERTIVEZZ LD, 1H
BENXZ — 52 DBORIBEESB N R 2 &%, BY
DIEFIC L D BB & OFBBINHE L RDZ b,
B4y RyTOERRE L., —F, ABA—Z—D&KI}
FNCIEEMED NS WD E - 3 - RO 3 BOFBNRS
NTEY, Rdev IZDWTIE3%LLT, Sharp Tid 50msec LA
TIETTrF X VA MO LV ERTHAOEAFR S L
7o, HEERT A —HFZBREL XY —E 0BT T o 7z
BT —Z DEINT 523, FHUMIMIZRK 4 2R Lo A
FEx—ha—Kzxbto—27 8E—h) OEmMTIL2, 4,
8 NEI M BIEET HIREE LTz, £/, BEAEBRRIC S
W 50 ENC THEET 217V, E#/ T X —Z OFE
KB DR REIToT2E 25, BEEITIZEY) T A
A L TOFEB IR ZERR I LTV,

120bpm w/accent

100bpm w/accent

X Proz

Up

amateur

|67 in Vi e [dea]  oul [332

After Real-Time Lesson

wist Angle p [deg]  out [2g5

Before Real-Time Lesson
K 15 UTNAEA ALy RN L DEBAIIIE DAL

Figure 15 Changes in 0 -o trace plot after the real-time lesson.
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Figure 16 Sequential strumming images of amateur guitarist.
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