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The combination of computer real-time sound processing

and Chinese bamboo flute in composition —

using Yu-Chung Tseng's {Extesion 1) as an example

Student : Hua-Yen Pan Advisor : Yu-Chung Tseng

Master Program of Sound and Music Innovative Technologies

National Chiao Tung University

ABSTRACT

The goal of this thesis is to analyze methods that combine current real-time interactive
music techniques and acoustic instruments.

In chapter 1, we introduce the history of electro-acoustic technology and discuss how
electronic sound is produced and transferred. Chapter 2 introduces the acoustic instrument
(Chinese bamboo flute) and software (Max/MSP) involved in <<Extension 11>>. We discuss
the basic usage and playing skills of Chinese bamboo flute. Then, we discuss how we design
Max/MSP to serve as the digital sound processor on a personal computer. In addition, we
discussed the human-machine interaction mode of the work. In chapter 4, we list out all
implementation issues that we encountered and discuss the difficulty of the composition
process with the composer. Chapter 5 concludes our contribution on the bamboo flute

performance and the implementation of <<Extension 11>> and discuss our future work.

Keywords: electro-acoustic ~ real-time interactive music ~ bamboo flute ~ sound processing
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F ¥ fdpEkt e C6 4 b £ (Accent) k g UK B R A A E k2B E S T

* K H e

ol
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) 4: (Extesion 1) m.m 64
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mls

D—D#—F tD#fdnds? + £ [ 4
BEFLF AR At £ 8 40 ¢ 4Rl B 23t - XAy oo 2l fLE T
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' Michel Debost(1934 - ) » * & & % & o
14



$o B BB Ak R AT Sl R R BT 0 RIS D A ReE R R T g AW

P AR L LA L - BABNE LS R R RR B8 B A Sl BRI

¥ DG fiie e pho Wfidet 2enahied b T @ LR B FRME T L
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TR L A A o Rl i s R B ILA D £ R R %

A chEs o
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e >

’hﬁ’i:ﬂsitﬁzﬁiﬁﬁ;ﬁiﬁﬁ

# ) 5: (Extesionll) m.m 37-38

Fz Aol Eanh - AR AP F D-Dicdew £ dpid 0 B
24 Bl TR R RIS AR 2 RERTIIRE o B 5%
P mEE AR f’ﬁ‘/"‘ °

2.2 A
2.2.1 (Extesion ) 2 &% 4 & &3+
N A F LB 35T 0 F’ AL E R ok B B ) 0 R g i v

otk Sl £ o Bd e B M ok B R T IR A6 P 4 R

Bo o iy scliR R (Dry/Wet)if 15 4741 i Bl 2 o B AL 2 (8 n Bt et b o
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ExTensioN ii for Bamboo Flute and Max/MSP 06-14/2012 knob 5 6 78 down

©® 2012 Yu-Chung Tseng 2-turn on_Micro_ 3- Preset 1

clear clear clear
i 1t 2 £ e o7 18 e 110
o= oo I oo | oot I o [2ers v Y | v v

|

EEa Dial 9 Enter=stop.
’”"‘m C key

il

clear buffers

Bl 3: (ExtesionIl) %z AJ2 4258 4 & %3t

¢ RS RHY PR R T PR T AT AR T - 70 g PR
(Counter)sh#ieF i } 4v— BT - P HEHT S FPGEET Bats g RV EKEFE)L
Tk BTG E > BF G kT -~ =2~ ERBIEARE L
#ole £ oo L (Message) Hi3t i 4 2 S Bde o e fiek 3 st Ad i f AL ik
B B ek R FEFOER A0 BRTORFIERHIGZLL  #L F
PR TR B L end Brd B e S lier 3P| T - B Sl SN e & Arm 49T o
P e s PAHRARDOE BN LR > mP RN E O Bk B

Bk Bendhr p A o
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B 4: (Extesionll) er%#ck & e i
AT ES B RHHARLE R > RT R FORACLE 5)F v BSREE

ol 7 Ebuffer); @ * % i Av § EFE N mE R EAST TR A Fad S

A
FRE T eock B Bone R 8 #3535 k udhi¥ o (Extesion 1) # & % - B

BHS o R S TEHEE AL PR BN G T AR T - Bl

#
sfplayer~ = 3%

clear clear [caEm clear clear oy
| zmap 1127 1125 | | zmap 1127 1 }25 | zmap 1 127 1195 |
f.CB cond Gvo | ' rfcB | send GV1 Flca | send Gv2 s
buffer~ sogs1 10000 buffer— sogs2 10000 huﬁw-sgg,;; e

clear buffers

B 5: Bg s w2 E B ek iR A

17



1

2.2.2 (Extesion Il1) 2_»c% &3

B0\

prd BAR T T A+ 4258 FXAL g 0 5 % 5 Harmonizer~Bubbler~mdeGranuler~Granular -

)
[3)
<
@
o
0
I~y
TR
S
A
3=
IR

HipT fErek BE LAz kehF 2040 B 6 47T

i3
‘ $120
P
fine
T o-
x

p feedback
T

routts
o=

it E fan Sk Bod (TR 2 Ak AP
1. Harmonizer:

defe iz B & AT - Harmonizer 3 B~ 5 » % 0% (buffer) & &9 pfj » e 50> dpt
EPOREI Y FRUNF B 0 LY FRUOPER B EEP BAILE 15 17 I

B DA kR SRBHBEEPLL A4 - BT 5B AT 2 2

;\ ‘h[—v'r o
transgosltion (cants) windowsizs (ms) delaytime {ms)
T_hm""an-" r2_hmewinds £ 2_hm-delay
tapin- S0000 I 0. I I 50, I .E_
I L L
hanmyz-
1
: 2: Harmonizer and Delay
|
-
A
g
Bl 7: Harmonizer e4z;\ i *
2. Delay
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(Extesion Il)eDelay »c % i% *¢ . harmonizer »c % B2 ¥ (4r@] 7 2. > {277 )
)% 4 (% tapin~1F 5 BeF i PR o L € 7 4 1 tapout- T 4 1 A

d >t pER % 3 % B harmonizers ¥ 723k %% 48 Delay pF - i@ #-55+ &2 4 multi-delay
gt o
3. Granular:

4ol 8 47 o A ahGranular & = BF OLEE S BT B DA BE 7 B R
ER TS hEAE £ 4] B #oenB fe ¥ (& (Extesion 1) shpe i + 5 A

) -

r8_gran-startgran

reset
receive top1
a r&_gran-startrecord
J r8_gran-metr
l—lzl receive CB ‘b
metro 20
buffer~ sogs1 10000 start dpration  volume
pan
iwp $1 _
s ol fable | fable | table | fable
rer.nrd—- sugs1
ha pack 0000
-“ [Eod T T T TENOE onend note

B 8: Granular sz ;% 2% 2+

4. Bubbler:
»c% % Bubbler & * Tom Erbe’?% # # ¥ Max/Msp * %4 # Sound Hack® -
F 2@ % p 3t iv & = (Granlar Synthesis) » #-— BB &) 2 3F 5 0] *7 H(grains) 2
0 PUNERS T B 3R L R R A DA AT dp T 1 & X di & (4 e

LT gl S gl BN IR SRR R A B ) A D

12 Tom Erbe - University of California, San Diego
¥ SoundHack externals for Max/MSP & PD: Download from
http://www.soundhack.com/externs.phpSoundHack plugins
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1ok E F e b A TR G B AR F A G Bk B A AL g o A2 4T

This is a delay using granular synthesis. Small clips (grains) of audio are read and reordered before being sent to the delay output. Various parameters
such as playback direction and pitch of each grain can be controlled.

open controldoc for more details.

patcher controldoc r time_variation  feedback

time (1 - 10000 ms) time variation (0 - 100 %) feedback (0 - 200 %)

CYas =
Z B E E]
5 B l 3

timeVariation $1 feedback $1
s bub s bub
rhub | rdry wet
i ]  density T start_variation r grain_size
+bubbler~
[‘E] density (0 - 200 %) start variation (0 - 100 %) grain size (0 - 50 %)
mix Aiens}ty 31 grainStartVariation $1 grainSize $1
s bub s bub s bub
t oclave roctave_variation
@ octave (-4 - 4) octave variation (0-2)  just  12tet
octave $1 octaveVariation $1 MIDI interpretation
s bub s bub s bub
rfilter_freq r resonance r grain_reversal
fiter freq (20 - 20k Hz) (164 ] resonance (0 - 100 %) grain reversal (0 - 100 %)
filterFreq $1 resonance $1 grainReversal $1
sbub s bub s bub
s 2, s . gl R A b
Bl 9: »x% & bubbler #rié #* ¢k 384 2 soundhack

#23% mdeGranular ¢ Michael Edwards™ % 2 328 > £ - i % %3 > 5 #3002 &

W ERRenE B A ok 0 8 A B AR N e

mdeGranular~ help

see http:iwww.mich: orglso jegranular/mdegranular.html for full
documentation
ﬁ . . rchord1
I rstargrain rgrainlength | r density f ampltude rsemiluney'\ r chord2 rsemitone2
T T T
e — P pp—
Fain ‘
BomploiME03 i#ngth  Hensity| amplitudg chords L
T
¢ | @u(io 1510 2413723812
semitbne,/ drain "
J 3-5-7 offset Thngth mplitude
mdeGranular- 30 2 on off a 0

mdeGranular- 30 2

B 10: »z% ¥ mdeGranular #1i * gz &

Reverb

¥ Michael Edwards ,Reader in Music Technology of the University of Edinburgh.
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(Extesion I1) &7 $»c% & * UBC Max/MSP/Jitter Toolbox™#% i1 Reverb
module(x-® 11) > ¥ mE#F 7 F 7 F < [ (ROOM, 1-100 meters) ~ 75 B x i+
(REFLECT, from 0-50) ~ & #7 % i & & £ (HF DAMP, from 0-50) ~ £ Ju 3t 5L ingz /i v

(Dry/Wet) -

SIGNAL IN VOL ON / OFF

REVERB
TIME ROOM REFLECT
-
0 HF DAMP
| 30 ([ 30 )

¢
»0

H€e

Q reverbGlga maxpat 0
7

DRY WET
SIGNAL OUT

Bl 11: »c% B Reverb # * UBC Max/MSP/Jitter Toolbox

2.2.3 (Extesion 1) 2 425" ek i 50
(Extesion I1) & - B § I;L;&i—,ﬁg’g 12 TR MaxIMsp T P AR 7§ B
[ R ;}'ﬁﬁ»ggipka%j1$ HIE 50 — AL S 1—;};{4}}—%( 7 "’PEE@W e 1E FL5E v, Tk
% 4%5% % #c(Parameter)en= £ 5 11T A
(1) +#:
TRAA(EBFE2 A RN SR, ﬁi‘:—ﬁ A BE IR AR A Bk
kR BEEanhi - 4o

5 Downloaded from http://www.opusonemusic.net/muset/toolbox.html
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Parameters Parameters

- W o ) L] - A

JJ J Timeline
Sound In % Sound Out

o | o
eece00 }cooow

Bl 12: £ fmdlam Sl T 3

2) p &
FARE S QAP TBE P4 R~ 58 ~BARNRL 3 FRA) > § B
AN Al BN EE -

¥ ¥ L 2% 2 ¥ 3
.
>
| Timeline
Event
)| Trigeering Parameters
Factor
Sound In Sound Out

Ty

Bl 13: p ddlaE floriniET 3

Lot B Sl FE Y G R AITE A A AR eniE SN T R ELIE A
HREPFIRE » f S b Fg 2 g SRt Sl L RN E BPH3 R

B i (Dynamic) % i i = > & Jf SE PF E 45 Ja it ¥ b0 % (Buffer) s

g
Y
b
iy
70

BART R Ak B2y 20 A ﬁ‘éfif{”wﬁ%] gk TS RN X LR
(Beep):iif® 35 o # ¥ > L d | Slicen™ (2 T UK 4 (F 5 enf$ § 14 (Portability) & sE 12
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(Flexibility);# & 4. ek 4v > & 71 17 57 MARH & D37 (ST SR A e i )|
BRI g 2 M G AR e F TR R A %
Beid B 00 g i e R SR o0 B R Heind AE JUR AN G i AeY
TR AN AR OE o S Ry H A R BT B TR e 2
FNARL - BEE -

oAl B ek TR Y g 4 5 oA Al
(1) # = A](Individual Form)

B Ao THGY S BB BB TlELT o P A R ES
ki @ > her (Extesion 1) * 1k $= 4% <H midi controller®
(2) #% 2 (Augmented Form)

%ﬁﬂﬁﬁﬁﬁﬁé’ﬁﬂﬁ%ﬁaﬁﬁij’§?@¥ﬁ%,;?ﬁ$%w@’
BiAdTar e B AN Fo - ES S T A SR S FHERI o3 #pL1mplign

B cnd KpE o~k GRS & 100 @ % Arduino™ Ede s B cH T HE E A

% % B 27 PureData™®z ;S 28 B 177 B3 © § o ?ﬁifﬁﬁﬁﬁiﬁiﬁﬁﬁﬁiﬁﬁ'ﬁ%’i ’
RPN REFEFAA LT ERFF BRI E TRARPLAETEL T

A& B EF AL T IEH # F (Augmented Instrument) | o #F3 © § h1 (A fe o

dZ R Fock BAUER o BB ko ek 2004 R AR B b B4R
WP o BB L ML FREAEE - N ANE TG B I RS R

B (e B S ) RSd BARFRFERFL LEZ CRFantimi &7
fet A higie o HAPRHAoR] 14007 o BMAF S HEFTEHAED L F

FAE# REFALEFTFEY PREEEUDEY T -

e 4 p % Korg nanoKontrol -

7 Open-source electronic prototyping platform allowing to create interactive electronic objects.
18 g g w K ACERIRE 0 d E R4V % B FE 9 B At Miller Puckette #c4% % 4 STE A o
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wave Signal

Microphone _—>

Microcontroller
Control Signal

Laptop

Sustain Pedal

_—

-

b)

Speaker
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= ~{Extesion I1) 2_4]it¥ 3
(Extesion Il) enq #-A 4 2 F 5 > £d iFd R % ¥k K4 & Max/MSP 357
PRAULIE B TR T 0 W AP & R AR Y Sz ;Y (Patch) 4 & 0 45 midi
controller’sr 445 ~ i Bl iF » 19355 0 F A § P BRI 50 YR &
Bt A AR E RS ok B AIL o 4ol 1577 0 B TR A - BieA A
BED > ¥ - FRLE RS IR R o RARY § g R
B ERB AT U0 %) ¥ - FRIENES § R ERN Sk BohFiet e o

£ ?.”nﬂi%] DPIFEE ko Btsd BORoATIRT o

Sound

Audience

T T

Parameters

B 15: (Extesion ) eh#t g2 B 5 e i

1 iz4m & % Korg nanoKONTROL 47 #]42 5% 4 #c o
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31 T @A

(Extesion 1) % S#R= 2 + B8 03 #4131 AL =5 £CMILT)L

ENFRETHEY 2, TR KE— T RL RPN F - FE2 D A2 AF 5P R
T 8 Max/MSP 2 @ BB & 5 o (750 gt A ¥ an g K3 d) 17175 (Extesion) (& i)

AN R S E o MNP E AW By B 8 & R B - (Extesion) k%
- 7 (Extesion [) % #F & MAX/MSP = & & + § # > < #iw= 2011 Transonic—A4z 55 #

=
20
g °

';\‘\
A
m
X
~—+
D
«\,
o
S
~
m,
«:\YZ
W

Tt BB ES G R4 o RRSE D

PEAn gy o e at oo (L JFE G #4257 o Extesion—2E W 5 5

. #omEHI2Z W
MR AR E TS A e PR 8B~ Sdpdmat g - Aeolian
sound® 2z # $£37 (extended technique) » 3£ 8 7 (£ &-¢ d1g & L H AR o T F NI

CAKRE FEH 4T RBAAIAF AR p R mEenf 2 s 3 5 hikc

22

e

o

2. BRABEFEIHFETHEL IS
e W

R Fadrdld Max/IMSP #7i& (T efg 3¢ (patch) » B~ e+ v & 7% ~ e

<G A A 2 Fe(Reverb module) & 2 22 % § B g B2

*‘3’*

mls

W

4

W o=k
kS

B -

B g R WA e F oonk o

R
-
i
W
\‘"ﬁ

ferE At

T
-

20

d AR d A S E e Y s v e TAZ % TranSonic , B3 A
2 ik 2 e % $TTH 0 213 ¢ 35

?21213-

2 it g s B Y 22.2 0

2 ﬂj}b,iij#ﬁ’#’bmaﬂ Rt AR S H - ﬁi'ﬁ:;‘?} °
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3.3 (Extesion 1) # fliteng g i #

331 P ELLE - ABRRT LR

FELAZENFOPELFREEL > HIAZT L 2R 2l g PR INRE 0 R
Bid F L 0 A B ARl W RS B AT KR F ORGES

ﬁﬁﬁ%i’§§ﬁ*%%°ﬁ®%i’ﬁﬁﬁiﬁ£$%ﬂ’ﬁﬁféﬁ?m?ﬁd

Aoty ERFAEENTE F iR F Y PRI F  hw 5 e g d
A RE A B FAEF kR T o W IR R R -

FEP 0 TN PR T 18 B (buffer - BEA 1+ 5 wavetable) s
55 397 i i PF I 2 & (Time Stretching—Sample and hold) et e % 2 £ Pz ;e @ % 5
CERX P MmAF L BREL I RE NP EERF BiE(PEEACR] 16 1w ) o § R
F#RZ2[9] @' Ut B EATARE F L Bori 2 I enk B'Uf > v Al - fBAgI g oh¥

& (Surrealism?®) o

B 16: (ExtesionIl) ¢ #7@ #* gy 3 (- & Lo f £t 54

24 1920 & R B AR 0 q AR A BRI B BRY h e 25 F o
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# (Extesion Il) ¥ g;;xg; BRI 2
8

L& ch e b4e® 46 /] & 3 64 ]
185 ] & % 194 | &

,,

3.3.2 41* harmonize # it > |4

&.Iv

2%

iy

é_?;a}ﬁ }\l%»l;?f— e s EPES

= I’T’é:FI *}]%#ﬁ = bka‘: gL Z_ %/\\ﬂ: /,,‘Lﬁjﬁ;}iﬁj&,’;ﬁa °

TEMFLPIMAPEET LR HFAER - hA L FR AL %

o RFEBRMEFEOY § 2 R AP FES AP R AT A R
i (Extesion Il) ¢ » f1#* 2.2.2 #7if cfe B E (Harmonizer) #-I. 34

Fleny AT E T § AT FAEL AL (FRA AR 17 $77) > Gl4e% 88 53 97

JE R 98 ) 1 112 ] §ehir R E *

i‘gﬂ: ¥ ﬁﬁ\«@m&.)’;

B 17: (Extesionll) ¢ #7@# * chfr B BEFpF i £ X g+ 3 hd FRiE2 44

333 HHFUMARFTIRNDY > flg "&£ &

G bl - PEEEE 4ag ORI oy ik g S PR eis g e b k)

5N A SR RO RFERE Y 2 S
SNEI RN

o R PRETIEEROES AN 57 8 F T BRI R

U
ml4
Ay
tg_lr
Ry
=

BAHP R EF AN HEHE - T H ST FE R R B X

% wd Bk raEat 2130
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oD ¥ e o4 B (Delay) ek kiE & blde® 19 3 40 o) & E AT R

NS

5 B

Duplicate the grains and put them
Onto several tracks

B 18: (Extesion ) ® #7i # i 3 (b & N 2f ¥ dr 4

1 (Extesion 1) % 6] » #HHF HEMEZ E @ p 3 L LR F L oBEE g
WU B AT o R e T A IR Ml B e R T e
TR 5B P AR R R P TR R AL T - BiE S ET
g HHAH W H - SR AR A ER A T E E R

» £l
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ABSTRACT

This paper presents a new controller to enhance the capabilities
of the conventional bamboo flute. The main goal of this
controller is to provide users intuitive ways to manipulate the
sounds from a bamboo flute in real-time performances,
rendering more possibilities for new musical expressions, and
to break through the acoustic limitations through signal
processing. The bamboo flute is extended with a microphone
and controller, which are linked to a computer for parameter
manipulation and digital signal processing. The controller was
designed as a portable device that could be installed on any
bamboo flute without disturbing its original acoustical features.
The device is constructed by low-cost components, and the
installation process is fairly simple. The external controls of the
proposed controller are achieved by the commercial model of
microcontroller, Arduino, and the real-time signal processing is
implemented in the Pure Data (PD) programming environment.
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Bamboo flute, Augmented instruments, Controller

1. INTRODUCTION

Musical instruments had long been an important way for
human beings to interact with sounds. With proper design and
craft, delicate instruments will be able to reproduce pleasing
sounds, enchanting melodies, and beautiful pieces of music.
Traditional instruments offered people great experience of
sound control due to its simplicity and uniqueness, but their
sounds and usage are limited by their physical characteristics.
By the presents of computational tools, these constraints were
overcome by the techniques of digital signal processing (DSP).
Myriads of signal processing methods enabled people to
embody their imagination of sounds through sound synthesis
methods [1, 2], and fostered the development of electronic
instruments[3].

Electronic instruments give users more control over sounds
by adjusting the essential parameters for sound producing, and
their sounding mechanisms could be freed from the constraints
of physical world. Some of the electronic instrument based on
physical modeling could provide realistic sounds while
retaining the possibilities to create sounds beyond imagination
[4-6]. However, I/O interface used for electronic instruments
still differed from acoustic instruments, and some of the subtle
playing skills trained for traditional instruments cannot be
adapted to electronic instruments easily.
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Augmented instrument is another approach which aimed to
enhance the performance of traditional instruments. Unlike
electronic instruments, augmented instruments preserved the
physical or acoustical features of the original instruments,
giving musicians the familiarity of their instruments while
providing extra functions to create innovative sounds. Previous
works had shown the infinite possibilities of such hybrid
instruments[7-9]. By extending the inherent instruments with
sensors or controllers, additional gestural controls for musical
expressions will become available, allowing users to program
special sound producing mechanisms for their chosen
instrument.

Almost any instrument could be augmented to some degrees
by installing addition sensor or controller, and the applications
could be versatile according to their purposes. Some of the
augmented instruments are designed to integrate new sounding
mechanism into the traditional instrument and help the
instrument to produce new sounds physically. For instance, a
recent work had been proposed which augmented the acoustic
piano with electromagnetic resonators, enabling the acoustic
piano to produce continuous string-like sounds naturally [10].
Some of the augmented instruments are designed to help users
play certain techniques with different approaches [11]. Most of
all, these hybrid instruments could be integrated into any form
of multimedia arts easily for their high interactivity and
compatibility to both acoustical and digital environment [12].

This paper proposed a new controller designed specifically
for bamboo flute, offering users more ways to modify the
sounds easily in real-times performances. The sound of the
original bamboo flute was processed and altered in Pure Data.
The ultimate goal of this controller is to create a portable device
that could be installed on any bamboo flute, giving users more
freedom in musical expressions, and to overcome certain
acoustical limitations of bamboo flutes. More details about the
bamboo flute and designing concepts will be elaborated later in
this article.

2. MOTIVATION

The bamboo flute is a popular woodwind instrument which is
wildly used in traditional Chinese music and Chinese plays.
The clean and high pitched sound from bamboo flute makes it
one of the most representative instruments in Chinese culture.
The flute was entitled “Bamboo flute” because most of them
are made of bamboo. Despite of the fact that some of the flutes
are made of other materials such as stones, woods...etc, the
flutes are still known as bamboo flute due to the excellent and
characterized sounding effects from bamboo.



Figure 1: The Chinese bamboo flutes.

The typical bamboo flutes are shown in Figure 1. There are
two basic types of bamboo flutes according to their pitch scale
and general size. The first type is called “Bang-Di”. It is
basically shorter in length and capable of producing higher
pitches. The tone from this type of bamboo flute is brighter and
sharper. The other type is called “Qu-Di”. It is longer in length
and lower in pitch produced. Opposite to the first type, the tone
of Qu-Di is more smooth. The bamboo flute is a transposing
instrument, and the tonality of every flute is marked on the side
of their bodies. Generally, the bamboo flutes can cover pitch
scale up to two octaves plus one whole tone.

One of the most important characteristics that differs bamboo
flutes from other flutes is the use of flute diaphragm. Figure 2(a)
shows the appearance of flute diaphragm. It is a thin film
extracted from the reeds, and it is attached to the hole next to
the embouchure of the bamboo flute. As shown in Figure 2(b),
the flute diaphragm is stuck on the flute to seal the hole so that
the bamboo flute can produce correct pitches. According to
previous study [13], the tension and wrinkles on the diaphragm
will greatly affect the sound quality of the flute. As a result, the
flute diaphragm plays an important role for defining the unique
sounds from bamboo flutes.

Figure 2: (a) The flute diaphragm, (b) The position to
attach the flute diaphragm.

Bamboo flutes have characteristic sounds and fully developed
playing skills through centuries of evolution in Chinese history.
However, like the most of the woodwind instruments, bamboo
flutes also have certain limitations such as monophonic,
discrete pitches...etc. ~ With the concept of augmented
instruments, these limitations could be solved digitally, and the
possibilities of bamboo flutes could be increased by
augmenting additional components to the conventional bamboo
flutes.

The idea of augmenting a flute had been proposed previously ,
and a standard Boehm flute was transformed into a hyper-flute
successfully[14]. The proposed instrument was also used for
composition and improvisation[15]. However, most of the
works about augmented instruments are mainly focused on
western instruments, and fewer studies had been conducted on
eastern instruments. Therefore, in this paper, we proposed a
new controller designed specifically for bamboo flutes,
providing users more ways to produce expressive sounds from
its original instruments. The finished device is expected to be
used in real-time performance for any kind of music or
multimedia arts.

3. DESIGN
3.1 System Configuration

The system configuration is shown in Figure 3. The proposed
controller was designed to be an integrable component that
could be installed directly on any bamboo flutes, therefore, no
destructive effects will be caused to the flute during the process
of assembling and disassembling. A microphone was used to
receive the wave signals from the bamboo flute, and the signals
were transmitted to the computer for later use. The buttons and
controllers on the augmented device, including a sustain pedal,
will send out control signals to a microcontroller (Arduino
Nano) which is attached to the flute body, and the
microcontroller will gather and transmit those signals to the
computer through an USB cable.

Both wave and control signals were sent to the computer and
processed in the programming environment, Pure Data. The
control signals were mapped to different variables of signal
processing effects, and the recorded wave signals will be
processed accordingly. Finally, the processed signal will be
sent to speakers and become audible to the listeners.

wave Signal

Microphone _

m

Microcontroller :
Control Signal

Laptop

Sustain Pedal

- ]

—={i)

Speaker

Figure 3: The system configuration of the augmented
bamboo flute.




3.2 Control components

Figure 4 shows appearance of the proposed device and the
control components on it. The size of the device is 33.6 x 2.5 x
2.8 cm, and the structure is made hollow with only simple
electric wires inside. As a result, the overall device is slightly
smaller than the bamboo flutes and easy to be carried around.
The functions and details of each component will be introduced
in the following paragraphs.

Figure 4: (a) Front view, (b) Side view of the proposed
controller.

3.2.1 Push Switches

Three push switches were installed on the bottom of the
control box. The position was chosen so that user will be able
to activate different effects by pushing down the buttons with
their left thumb.

3.2.2 Slider

A slider resistor was located right next the push switches.
This positive will allow users to adjust it by their right thumb in
real-time performance. This slider will send out changing
values from 0 to 1.

3.2.3 knob

The knob was installed on the side the control box. By
rotating the knob, the resistance value will be changed. The
position of the knob was chosen because the adjustment of it
could not be achieved easily by a single finger, thus, it was
located on the side in order to avoid causing any interference
while operating the push switches and the slider during the live
performances.

3.2.4 Sustain Pedal

A commercial model (M-audio SP-2) of sustain pedal was
rewired as the sustain controller in our device. The pedal is
shown in Figure 4. This pedal provides different resistance
according its position, and the value could be mapped to
different parameters in Pure Data.

Figure 5: M-audio SP-2 sustain pedal

3.3 Arduino

A commercial microcontroller, Arduino Nano, was used as
the interface for the control buttons to communicate with the
computer. This specific model was chosen because of its
compact size and sufficient I/O ports for the hardware setup.

4. PURE DATA IMPLEMENTATION

The signals are processed in the programming environment,
Pure Data. The signal flowchart is shown in Figure 6. When a
wave signal was sent into the PD patch, the signal will be
modified according to the status of different parameters. The
components described in the previous section are used to
control those parameters in real-time.

When activating the effects through the control buttons, the
sequential control of the effects was taken into account. For
instance, if the user first activate effect 1, and then effect 2, the
resulting signal will be different from the one generated in
reverse order. The effects mapped in the patch will be
elaborated respectively.

Wave Signal

i Sustain Pedal
Knob Slider -
Sustain

i <

Control Button
> Effect 1 Effect Flow

!

Parameter

control .

. 2

Output

Figure 6: The signal flowchart in Pure Data.



4,1.1 Sustain Pedal

The sustain pedal integrated in this device seeks to provide a
sustain effect similar to the piano sustain pedal. The sub-patch
was adapted from the reverb example in Pure Data. By
chopping the incoming signal into different pieces and playing
those pieces in different time delay, the density of the sound
could be increased. Finally, the sustain effect of the current
sound could be achieved by looping of the intensified sound
pieces. The length of the sound could be adjusted through the
control of the decay factor in the loop.

4.1.2 Delay

The delay effect in this patch was realized through a simple
delay write and delay read loop in PD. When delay effect was
activated, the knob will be used to control the gain the delayed
sound, and the slider will be used to adjust the delay time
between the original and the replicated sound.

4.1.3 Tremolo

The tremolo effect creates sounds based on principles of
amplitude modulation (AM). When tremolo effect was turned
on, the knob will be used to control the rate of the modulating
signal, and the slider will be used to control the depth of the
modulating amplitude.

4.1.4 Pitch Shift

The pitch shift in the patch was to shift the pitch of the sound
in real-time. The shifting range was from twelve semitones
below to twelve semitones above, and the corresponding
parameter was controlled through the adjustment of the slider.

5. CONCLUSIONS

Currently, we have augmented the bamboo flute successfully
with several chosen effects. These effects will provide more
options for performers to express their musical ideas, offering
more materials for music composition and improvisation, and
break through the limitations of the acoustic bamboo flutes.
The sounds in this paper are generated through signal
processing techniques. However, more efforts will be put on the
design and modification of the flute diaphragm due to its
importance for defining the sound of the bamboo flutes.
Ultimately, we would like to gain more control over the sound
of bamboo flutes acoustically through the adjustment of this
unique sounding component.

The device described in this paper is still a prototype. In the
future, we will continuously improve the signal processing
patches in order to generate smoother sounds with natural
transition between effects. Hopefully, this device will bring

more energies into innovative music and other forms of artistic
performances.
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