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Airstic Drum: Construction of a Drumstick for Integration

of Real and Virtual Drums
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Abstract: Drums consists of various kinds of percussion instruments. As each percussion instrument is large
and heavy, it is inconvenient for drummers to carry and set it up. Virtual drums, which includes motion
sensors and enables drummers to imitate playing drums by stroking a virtual drum, has high portability,
but drummers have difficulty in demonstrating their drum skills with virtual drums because of the lack of
feedback from stroking, low sound quality, and so on. Our proposed Airstic Drum achieves high portability
and performance quality by integration of real and virtual drums. Airstic Drum has a function to distinguish
stroking virtual drums from stroking real drums, and it outputs digital sound only when the drummer strokes
virtual drums. We have developed a prototype system and evaluated its effectiveness by actual use.
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Fig. 1 An example of virtual drums.
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Fig. 2 Control of outputs.
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Fig. 4 Acceleration and gyro data of stroking.
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Table 1 The response of output sounds.

60bpm | 90bpm | 120 bpm
B2 (ms) 36.2 25.8 15.3
R8RS /A D0p$]

peanlly 0
—rr D/Y ﬁ'/

NZRSA Zawpssrk - Iatils

5 NANy bEFENFTT 2850 8 €— b
Fig. 5 8 beat in stroking hi-hats.
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F 2 JLERAE D X ONEBIGRE 2 2L S L S ORI
Table 2 Recognition ratio of each standard strength and

through time.

18 38 B il (ms)
10 15 20 25 30 35 40
2000 (90.0-54.3*% 90.0-55.0 90.0-56.4 90.0-57.9 90.0-58.6 90.0-63.6 90.0-69.3
2500 ( 95.0-60.0 95.0-61.495.0-64.3 95.0-69.395.0-75.0 950-81.4 95.0-87.1
3000 | 95.0-71.4 95.0-73.6 95.0-77.1 95.0-82.9 95.0-87.9 95.0-95.0 90.0-97.9
3500| 100-80.0 100-87.1 100-91.4 100-95.0 100-97.1 95.0-100 65.0-100
4000( 100-95.0 100-95.0 100-100 100-100 90.0-100 70.0-100 45.0-100
4500( 100-98.6 100-100 100-100 95.0-100 75.0-100 60.0-100 15.0-100
5000| 100-100 100-100 100-100 85.0-100 65.0-100 35.0-100 5.0-100
5500( 100-100 100-100 90.0-100 75.0-100 55.0-100 20.0-100 0-100
6000 | 100-100 95.0-100 85.0-100 60.0-100 25.0-100 5.0-100 0-100
6500 ( 90.0-100 80.0-100 65.0-100 45.0-100 15.0-100 0-100  0-100
7000 85.0-100 80.0-100 50.0-100 20.0-100 5.0-100 0-100 _ 0-100
* RAMNITOFRHE-RNITORHE

HAERE(MG)

- Splash Cymbal

Crash Cymbal "\ | ChinaCymbal

6 HNIFTHE ORI & 2 FEyniko sl
Fig. 6 An example of extension of sounds in detecting stroking

position.

DR (B, FEIHT LGS ICESSE SNk
Mo 72EE) R 2 ICENEIURT. @BIEL 100%12 7%
HEMEE R A & FEUETRE 1T 4,000 mG~6,000mG,
BE 10ms~25ms DHPA & %2 o 72, B, WEFFETII,
FEHETR T Ll R 12 B W TERBIER DS 100% & 7 B #iPH O
MEEZBMEE LTHWS L)L, CORATIIRE
W E 5,000mG, B A 15ms L FET L.

3.4 REIMFTOFEILEK

6 [ IRT X O IS ST IS BT 2 4
MEZLSELI LT, HIFEHIETES. BRI AT
LFARETF— Y VWAL ETAT A v 7O AERER
T5., 72, FEEOMEICL > TEFT 2 OMEEET
BWTEL0, BAROM EZHNS & FRICEEDNY
I—2aryzi#edsd, 728 z2iE, M6 ImRd g, K
BT LELTFY ATV UNUDREEINS ) 7Tl
EFTLDONANY PDPREINE Z EIT WD, 458
WEFET 5.

3.5 HEDHME
RI RS LADRFDZHO L2012, 882 A7 4TI

1397



[BHRNIBFERIEE Vol.54 No.4 1393-1401 (Apr. 2013)

BAMHTIC X 2 EE LGS 5. —RICREVEE
WLZZWwEEE, FILAT 4y 272 # R TIFA, &
TURAIFTICB W CH B L TR ON LT, &Y T
B HEDENE, MEEOY — 7 HICKED, +2
T, MEEOEY— 7tz b L i EEEZIET 5.

3.6 EBHICHTBIHAZOYM
WEVATLIZAT 4 v 7 %R TATER T TCOHE
DEALICEED &, BIIOB#HEITH. ZOBHEIIBNT, &
K7 LDONETIZBW TR K 7 20 ED - T &
NG, EELZGTAREESH L. Lo T, RE
VAT LITERT LONEFTIZB W T - THI S
NI ADWE % RREICYINT§ 2 e 2 FF>. 3.2 BilR
FTEIE, ENTLAENETLABICHN A IEE T — 7 O
IREN M 2R TH L., REVAT AT 0L
WS T SN E W5, ZORREICE -
T, AT BT 2 RGO E 2 /MR S b,

4. EH

FZEHIEE 7 OLLMITIRT &9 12 Airstic Drum @ 7
by AT RFEELE MTOoAMIETa Ny 4 TOF
TUAT A v 7 ONFERLTWS, 70 ¥4 7Tk
KNI LAERTHRWIHELNERBO NI LAT 4 v
FHW, MEEZNPRNILAT v 7 2iBo/z b I12FRIC
B L 2 WEICTAY VAT 0 Do hnEE &
TBLOAEE L T2 NET 5 WAA-010 # A7 1 v
IR L7z, R 313 WAA-010 D ARy 7 &ZRd.
J)#F 1% Roland 1 MIDI i€ ¥ 2 — b SD-20 % fif
HL7Z. PCLEoOY 7 Y 27 ®OF%1E Windows 7 LT

N

7 Airstic Drum ® 71 b¥ 4 7
Fig. 7 A prototype of Airstic Drum.
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Microsoft Visual C++ 2008 % f#if L 7-. 87 b %
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Ta v v ERE LTI 247, 2R DAt o ERr
FEANANy b, 7T YL, T4 RV NVEEIFTT S
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M9D7L—X% 10 1Y EL, EZET »HRIL 100bpm
(beats per minute) TAITo 7. BEEIL 2ENS 10 FED
KT LERELFFORFEREBLOREEDS XL TH S,

F& 3 WAA-010 DARY 7
Table 3 Specification of WAA-010.

JHEHAE | Bluetooth Ver 2.0
+ EDR Class 2
HEEHE | 2.1 Mbps
JEEHEE | Up to 10m
FA4 X | 39(W)x44(H)x12(D) mm
) 20g
AL 230 mAh
Lithium polymer battery

®

[~ MIDL i T d
SD-20 PART B - [ < -
e ( L =l | R‘

E——

=3
MmrouT|SD-20PARTA v Through Time  [30 30

L L [ficonas | [Wicosar == ‘

Name
new_data.csv songA.mps

wite | open |

e —

8 77V r—YaryoAr)—ray b
Fig. 8 Screenshot of the proposed application.
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R4 PEB X OEITERICBT 5 HE

Table 4 The threshold value of each tester and each percussion instrument.

WERA A weERE B W C BeERE D WERE B
HH | FT | RD | HH | FT | RD | HH | FT | RD | HH | FT | RD | HH | FT | RD
FEHERFE (mG) | 5,000 | 4,500 | 4,500 | 4,500 | 3,500 | 3,500 | 3,000 | 3,000 | 2,500 | 2,500 | 2,500 | 2,500 | 2,000 | 2,500 | 2,000
HEFR (ms) 25 25 25 20 20 15 30 25 25 25 25 20 20 20
R 5 AU OMM A L725E 12 BT 55 (%]
Table 5 The recognition ratio using the threshold value for each tester [%].
WeBRE L ORE WeEE E o BfE
HH FT RD HH FT RD
HH | 100-100* | 100-100 100-100 | 100-57.3 | 100-65.0 | 100-57.3
BelR# A | FT | 100-100 100-100 | 100-65.0 | 100-82.9 | 100-65.0 | 95.0-100
RD | 100-100 100-100 100-100 | 100-95.7 | 100-98.6 | 100-95.7
HH | 85.0-100 | 70.0-100 | 70.0-100 | 100-70.7 | 100-75.0 | 100-70.7
W% B | FT | 95.0-100 | 90.0-100 | 90.0-100 | 100-97.9 | 100-100 | 100-97.9
RD | 95.0-100 | 90.0-100 | 90.0-100 | 100-93.6 | 100-100 | 100-93.6
HH | 100-100 100-100 100-100 | 100-99.3 | 100-99.3 | 100-99.3
BeEgE C | FT | 100-100 100-100 100-100 100-100 100-100 100-100
RD | 95.0-100 | 100-100 100-100 100-100 100-100 100-100
HH | 85.0-99.3 | 85.0-99.3 | 85.0-99.3 | 85.0-98.6 | 85.0-99.3 | 85.0-98.6
W% D | FT | 95.0-100 | 95.0-100 | 95.0-100 95-100 95.0-100 | 95.0-100
RD | 95.0-100 | 95.0-100 | 95.0-100 | 95.0-99.3 | 95.0-99.3 | 95.0-99.3
HH | 95.0-99.3 | 80.0-100 | 95.0-99.3 - - -
#eEe#E E | FT | 90.0-100 | 90.0-100 | 90.0-100 - - -
RD | 90.0-100 | 80.0-100 | 90.0-100 - - -

* ARARNIFT O R FENFT O FR =
HH: Ay b, FT:7u97% .4, RD. 94 N30

1RAR RS LDIET

L IKE

gy
Pl
NZARS A ART RS A

L £ RS ADINET
UMY, SARSIUL, TOFIL)

9 FHEIL-—-ZA0f
Fig. 9 A score of challenge phrase.
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B 10 AV A 2010 1281 2 FEE N
Fig. 10 Actual performance at Illumine Kobe in 2010.
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FEMEDRZEL LR T W7 L — ZXI2B W TIRBIMEICR Y A3
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6. E&EH

X 10 127”7 & 9122010 4 12 HIZfrb sz A )L 3
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T =R VATEL Y ZEELZ2KDOAT 4 v 7% H
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WL, ERTLLEBIENT L %2AT A2 LT, T
WD ERELOIIELE Vo 127287+ —< U A
irz 7z, —FHT, IRERNZ 220 LA BWT,
BR R T 2DENFH D ENBVE V) RFHRIEL 2. 2
DK E LTlE, AFTOHEHZRIE, FRLEAE D S IFTH)
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LT ERRNTL, SEEREE O Gl eHES 7 S
PIZL, AMOEVWEBET LV IT) AL EZRELTWEL
W, F7z, 20124E9 AiATbhvien sy T4 v Ay b a
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7. BbYIC
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Airstic Drum #5872, #2849 % Airstic Drum (35638
DHARTLPHEETE 2 WRBNZ 20123 L, /AN A
EE RN T LONFTEIEZ IR B & O O w5
WTAZ LI D IMFEORERWREIC Lz, SUTLD,
EFNTLONETIZBWTRE N7 20BTEER NS¢ %
W, HEZIIEED NI AEE L B AR EER
79 2B ERTLEBETR > M2 ErE5. E
T AT LATRAENIFT O G LR O 72 ONFTALE O %
Tofz. 7z, EEFINFTENELZLE €5 Z & T
FILDOFEEAHIECTE S, 70 by 472 AT 40T
FERTIE, HBEEBICBW OCREZBELZ WS Z & TF
RILERB IR T LAEBHTELZENHL NI R -T2,

ASHOMEE LTI, STEELFTLHBEDONNY -
TP g e L 72EHm SR, BURRE 2 V72 EIFT O
T4 = RNy T ORIRGEENH TS,

HEE ARWIFEO R, BRI EURERE o i 81 A
FEHEESSE (S &D%T), SUERRHA AR e i Bh o 2k
fiff7e (A) (20240009) B £ O RHAA BHARF 72 fliBh 4
T (B) (21700198) 12k 5D TH A, T ZIZie LTt
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