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Analysis of physical characteristics for sinusoidal
model and its application to sound synthesis
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Abstract Physical characteristics of sinusoidal model, which can directly estimate each haromon-
ics, are studied as a central model for timbre control technology for computer music. McAulay and
Quatieri algorithm is used for parameter estimation. Both sine waves and charp signals are tested
using S/Neg and instantaneous frequency deviation. As a result, it was shown that as the number

of FFT increases, sound noise/distortion decreases, and that the model has a sufficient quality as a
basic tool for timbre control.
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Fig. 3 Frequency-d; characteristics for sine wave



Fo ThIM1 LRABEABAEERT. COEOH
DEELCONWTELTHE S5, SHHELTLEE
L OBBRERO|RENERK ECHH T L— A
Bt =0HT0KAS LT3, CORBEEK
BRE f.(t) R BRI TET L. (HENKC
REREIREEDIFAELEL LN DI, TC
THREB E L, )

fe(t)
0(1)

LB Be T TS B(t) RERZERS DOBRRFAER]
B TH7v—-2EBFAMCTH I, thEFMK

(M

BT w = 2rfo(0), wm = 27%,1 = V2d,T
ELbDTH B, £T Ty we,wm,I ZRTF A—
2e L&D y(t) ORFBRH2T/R5 L ic
b, f, DfEOFESHILL OREHEOH bR B,
BERCOERXTADRLCwAneD, THE
ORFRE ChE ERFT I L TERV,

T CFHEE DB EE 5 e HIC S/ N & df
OHFHAELZ B L b 0% K4 CRT,. T X
b, EREEICO Tk, Wil LB st o
I WFHERE TH B C L aibhr B,

fe(0) + ﬁd;cos(%r%t) (5)

27 £, (0)t + ﬁd;Tsin(?w%t) (6)

y(t) ' sin(wct + Isin(wmt))

4 charp £S5

charp E5 RBREBEEN t O—KEHK L % 3
YbDENVS, BRBHBERT ESOELRN L
bDrELLONDE, CCTHR, 17L—4dk)
512 5.0 FFT OBEHEEBAE » ORI 2 2%
BRERELL L, ThE AT A—F & Lo

M charp (BERKRATEI NS,
o) = o+l ®)
8(t) = 27rfot+c%t2 9)
T, ot = 00 ¥ OBRBEKK. f

BHyr7) v 7BER. £ N 512, T
0.01(sec) TH %, K5 IL\n L DD charp EED
BREEEERT. LoD THce = 1DL %,
$91953(Hz/sec) DFILEE T

+ N=512
© N=1024
- N=2048

50

B e

S/N seg (dB)

2 4 6 8 10
Instuntancous frequency deviation(Hz)

Fig. 4 Correlation between d; and S/Ng,

12

g

Instantaneous frequency (Hz)

g
g

‘¢ = 0 (sine wave)

L L

I
L
1
’

0 0.05 0.15 0.2 025

- Time (sec) .
Fig. 5 Instantaneous frequencies of charp signals

0.35 0.4 0.45 0.5

S/N seg (dB)

0 0.5 I

15 35 4 45

2 25
C (C=1: 1953Hz/sec)
Fig. 6 ¢ — S/Ng characteristics for charp signals



4.1 FIRBEELE -5 /N it

BA6 IC FFT DRBARE X 7c & ¥ DFABEI - S/Neeg

BHUERT. CO»LDRBZ EBY, 2K
BRESCRD L, SINBBPT B, 0K
BEREXROMELHELTEY, FFTOK
BHREHHKS/N BKE VR, c KT BEIC
FFT ORBHE L o T HIFHERED S A v,

4.2 FEBER- BREREKRE
58

B 7 KR BEILE - BRI BIRESES R
Fo THhED, R XZEFHND S DD,
REOTHREFFT 0REXE LT 5 ick D
ETFL, EXERT e Bbr 3, M8 CFK
DeHOFEEEA L D% LAk, TOMX
D, c=02bh 2 LERICENNES R D, B
b3 ESOPCRERKAMGRAFETH S T
LHbrd, CHRBRALES - BER2OW T35
BRIFEFCEFERI v,

4.3 S/Nyg EERERREREMD
L

Z C'C’%IEHiﬂEOD§%€§&IﬁE§\ df ¢ S/Nmm %
HELA LA dDREI IKFET. FIKX b, charp
BB LOVTR F, DIEICKT % S/Nyey DIFFIH
BEVRCAVT L HbPB, Thbb, §/Ne
BHEYRORLC Y, BRARKEZE N TR
I, BELRASKC ALY, TELR R A
W EREBEIN D, R, TDS/Neg 23451E
RE10 IKRF X 5 1Ic, FET 2 b sk e A &
t=01C &1} 5 charp BEDOMWA BREFOHE 6(t)i=0
DfE) SBEREAR RN KELS RSB CONTHE
fE (BTEA0)=0:1LTw3, ) hbFhdx
DTHB5. AR, BECOBER TR - Twan,

5 HESH~ADEA
ChETODMTHAD TWFTELENEFCE £
50T, EBOEECHA LT LEDE
%ﬁz%ﬁ&?ko 1)%%& L‘C*%@%%\ 2)
FHELLT, AHEORE, 3) HAT : LTABED

12

i
10+ ]

Instantaneous frequency deviation (Hz)
-
==C

0 05 1 15

2 2.5
C (C=1: 1953Hz/sec)

Fig. 7 ¢ —d; characteristics for charp signals

i N=512 e
H s
[ T
;f‘f A YA
5|
£ s5p
N
>
g
Rl N=1024 e e
g | - N T
& e R
3 e S~
ER ~o o
g
S
s
3
=

L

- ~
L 2
|
]
=)
=
o
f=]
o

0 "
0 0.05 0.1 0.15 0.2 0.25 .3
C (C=1: 1953Hz/sec)

-TFig. 8 ¢ — dy characteristics for charp signals
(narrow range)

.35 0.4 0.45

0.5

SIN seg (dB)
3

"
25 s ]

0 ) 1 2 3 4 5 6 7
Instantaneous frequency deviation(Hz)
Fig. 9 Correlation between d; and S/N,
for charp signal

seg



FRECHEA L, TOR, BEELBEAY
FISOBFEEOERETH o ko

6 HEHX

AVEL— R FR AT LD DDOE RS
MELTHELEL LN IFAKESHEBDO Y —2
ELTMC 7A=Y X4 X 3 sinusoidal model
RV, EARC R YBIFEL D L co IR
PR FFT ol HeLdceick b S/Nseg DT
FR2ELE L 2048 T 33dB Bl k. ¥ Z2BEEE
BRETHIHz ITTHBC e EHOLAK Lo
¥7%. charp EHKCHL TR S/Nseg R FFT ok
BreBRACETLTWL 25, BREERECT
BEELTwE, FERLELAWTC L 2HL A
CL%o Toofl, WEEIL. JEEHT. B —
o7 RCxHT 2R K, B o FEkH: b B
BEERBACIFHER TN 5 C L XBEENM, SHE
RHEETRITAABESBLLTEY. 48D
FRERAYOY—A L LTHfFCE S, 400
SHric X ) BRFEREILOK T B ohkaH
EREREBET 5RMBH 5, MCTATY XA
TR FFT e o7 HIERRIELEET-
RN THIEDOTRIT 28125 2,

S, FEE»OHEINAATA—2% Y L
K, FEoOL L2 L AR LBKORELTA
W, BFoBECEYEA TR,

0.15

A= mOd(an fs/N)

14

o

S
T

phase difference (radian)
o

I
2
T

-01E

03 -4 3 2 -1 0 1 2 3 4
Changing rate of instantancous frequency

Fig.

signal

5

10 Phase difference for various A s of charp

1 7v— 2313 RAEHD» b5 7 v — 4[] 3 IRK
FHEIC X 3 FRR ORI

2. BWoME, B

3. BEOEE. FEEELLL., Bktobon
R A f b~ DR R

ThboDBEEET. FEEREPHED TV LFE

THbo o

B HEHNRL T  BPPFE G DR
CEHLET, '

BEXH
[1] James A. Moorer,“Signal Processing Aspects
of Computer Music: A Survey,” Proceedings

of the IEEE, vol. 65 No. 8, pp. 1108-1137,
Aug. 1977.

[2

—_—

Curtis Roads, John Strawn,“Granular Syn-
thesis of Sound,” Foundations of Computer
Music, Cambridge, Massachusetts, 1987.

[3] RobertJ. McAulay, and Thomas F. Quatieri,
“Speech Analysis/Synthesis Based on a Si-
nusoidal Representation,” IEEE Trans. on
Acoust., Speech,and Signal Processing,vol.

ASSP-34, No. 4, Aug. 1986.

J. L. Flanagan and R. M. Golden,“Phase
Vocoder,” Bell Syst. Tech. J., Vol. 45, pp.
1493-1509, Nov. 1966.

[4]

James A. Moorer,“The Use of the Phase
Vocoder in Computer Music Applications,”
Journal of the Audio Engineering Society,
vol. 26, No. 1/2 , Jan./Feb. 1978.

[6] J. D. Markel and A. H. Gray, Jr.,”Linear
Prediction of Speech,” in Communication

and Cybernetics 12, Spring-Verlag, 1976.

[7] J. S. Lienard,”Speech analysis and recon-
struction using short-time elementary wave-

forms,” IEEE ICASSP’87, pp. 948-951, 1987.

—32—



