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This paper describes a development of a loop filter design in a physical modeling of the plucked string instrument,
The conventional method proposed by Vilimidki cannot estimate right parameters if a sound has either very short
sustain or no sustain, In order to overcome this drawback, we propose the use of the decay region and 5 to 20 harmonics
of the sound in the estimation of loop filter parameters, The most appropriate filter coefficient is chosen by frequency
signal to noise ratio, To verify the performance of the proposed method, the guitar, gayageum and geomungo were
selected as the target because they have different shape, structure, and material of strings, Regardless of the duration
of harmonics, the proposed method was able to estimate the loop filter parameters representing frequency—dependent
damping of harmonics,
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Fig. 1. Results of Schroeder back-integration (dotted line) and 3, by line fitting (solid line) for the (a) guitar, (b) gayageum

and (c) geomungo sound.
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Fig. 2. Block diagram of proposed system for good estimation
of loop filter parameters.

Valimiki7} 4| Jfa ° S
S AR 7 Polis BhsRAR, 814 B35k A9
A= o7l 5 52 ¢ TS RS ok £
Aol glet. ol u w2 wh A At 251
%3k £9f Aol Aefsh] thEeld], 2 =
et 2A1E slast] 918 ks i, &2 9
ES ”Eﬁ THeelE S %ﬁ i e 24

Zﬂ"ﬁi g ﬂﬂrﬂ“l‘ﬂ% ?@5}71 A &5

5 op710] el thl S0 Al e 4
TR LS AE, wh0) g H 57k 207}
PR AR 2 ] Sl o gHAlE 2]
Fzgee) stetue g F4ac 244 steE R o
o walo] JYElE Fste] oyl et
oF 2Ao] 2] A9ehH o}7]|Al T uiS AJHo] A2



110 E=StER| HM30A HM2= (2011)

ol giob 2l ALo] wlal f5e] v o1 2
A Fle, olefgt wek 7z ofsl dakd e dejil &
W sfeiolel & 3ol AFSE] SIS} 2 A1 2
Fakgr Yo A9 Al of) Z-2 H] (frequency signal to
noise ratio, FSNR)7} 714 £& ulgjn|g] & Adsic},
IV. ¥¥ 3 2}

2 ol ARk Efé‘ﬂ A e s A%
2 9j8) 259 ;%9} Aol 212t i 718k, 71k
2, ARnE delrlz AgaE, AL Jloraa

7|EL] Thol o2 - HFEAO|A] =
98-8 AKG C411 ufo]aE 7ok &
T ol BHsla t]Ag |5ie] TASCAM DA-PLS

eolzed —60 dBZ st =5313laL,

e, er

C1000s2 78} & 79 ko] YA|A|7] 1L

| 5T e HEsld, /LR B
olg g|elA

H E

v — 1

HEP] SRS (9ol2

(&2}7] Audio CD), 147} 15
AR-EEZZ| 8 022 44100 Hz, 16 bit Hlo|Hatd=
sto] ALgIgIEL 3 10 £ 20| Uge] A48

718 9180 PAA S ekel,

9] 74‘-‘%3’- &7
H3

7_}

d 2

7]ER= AKG
Sdst g2

0.0 ‘F

RS

Vol 1

iy

o 12 i mlm

Fhofo)

45 [25]00 4 ARERE At Fde o= 2, 5, 8, 1%

ol disf k=] RS HAFAAT

=03} Ao|r}.

L=

A A BYORA) AU Hepd Aol
7 o7 w918l ol 2.0 B4 7k
AT (docay)© 2 i, 19 1904 Aok 7

° AR}

L0 B 5] HAY 5 o= Bl AITE Qtoll AlEA]
© A& & 7 et ol 29 A (sustain) @A 7t
Slo] WA — 74 — A (release) 2] TAIE AR
Holf= SA ot} whA] £ =RollAls 2] B4+
e AR 2] WYRE A7 7k At
ZFo & Uro] ARsiilnt, w3 = o AojA A
gotlol 57HEE 20707HA1E ekt

9 32 59 S AA R ARt F 7F T
+ ¥ FrgE elolEg A5 dato|tt, A7HA] o
7] B 7 a7t oSS Algt AR B
B3I}, o]= UuhAQl EA 0 & 7| EFua Tt 2235

Hlgo] DFTTHA) RS B, o] 50] Fuks o)
G412 TR 4 (09] At ok ol dfe
ofe}. et 7% 3] Solat AL HjL] A4t 7]
Epeh 2RE 72117} 100 Hrol A 200 HzARo o] A 7]

0.000

-0.100 y Ty
0.200 0 ! /\
-0. n i\ II V
.~ -0.300 ﬁ\;} .
0400

-0.500 vy

-0.600

Loop filter coefficient, al
--
S -

-0.700

-0.800

-0.900
Frequency (Hz)

—~Guitar —®-Geomungo —Gayageum

O3 3. Mo #2ioll g 2= Zy Al £8 4
Fig. 3. Results of estimation of loop filter parameters for

whole region.
E 1. A0 ARRE 2ol Tiolg He
Table 1. Information on sounds used in the experiment.
ciols A 7|Et 7oz 72D
7[2FuE (H2) /== 7[2FuE (H2) H/RFRI] (cm) | 7I2FEE (H2) Ed /&

1 82.280 6t / Jht 112.500 28 /90 58.960 14 /1
2 88.020 68 /1 137.380 2H /70 64.190 14/ 4
3 109.700 54 / T 140.450 118/ 90 86.810 14/6
4 117.290 58 /1 162.130 24 / 60 88.550 15/ 1
5 147.000 49 /I 179.270 58 / 60 98.660 14/5
6 155.830 49 /1 198.650 28 / 50 103.520 15/ 2
7 195.130 3H / IHY 217.780 58 / 50 116.360 14/ 3
8 207.530 3H /1 277.360 58 / 40 116.980 14 /2
9 246.370 2t / Jhdt 312.770 8t / 40 117.600 15/ 3
10 262.500 28 /1 400910 58 / 30 133.640 15/ 4
1 326.670 19/ I 436.630 8% / 30 158.060 15/5
12 347.240 1 /1 459.380 11 / 30 177.820 15/6
13 211.000 15/7
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Table 2. Number of harmonics and loop filter parameters of each instrument.
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GWAlETERT Zat HHTZ Zat HHT2 A2t

T e A | o= [wes|mes] As | oS |weke|wes] e | o=
1 8 9 -0.503 0.994 6 5 -0.690 0.917 8 9 -0.658 0.939
2 5 13 -0.414 0.993 5 6 -0.676 0.950 5 6 -0.804 0.893
3 5 7 -0.497 0.981 5 5 -0.590 0.958 5 9 -0.571 0.953
4 5 5 -0.514 0.988 5 12 -0.560 0.919 6 5 -0.849 0.941
5 5 12 -0.086 0.994 6 6 -0.671 0.966 5 5 -0.626 0.933
6 5 5 -0.406 0.988 5 5 -0.651 0.953 5 5 -0.741 0.929
7 10 5 -0.185 0.994 5 6 -0.507 0.956 7 5 -0.517 0.958
8 5 5 -0.428 0.994 5 6 -0.377 0.959 5 " -0.467 0.959
9 5 6 -0.071 0.994 5 6 -0.412 0.972 5 5 -0.775 0.954
10 5 5 -0.104 0.993 8 5 -0.305 0.980 5 5 -0.819 0.975
11 5 5 -0.088 0.996 5 5 -0.250 0.983 10 5 -0.717 0.951
12 5 14 -0.029 0.994 5 6 -0.234 0.982 5 5 -0.229 0.946
13 5 7 -0.307 0.908
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