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Al-based Visualization and Quantitative Analysis of Gayageum Sanjo Vibrato
Using CREPE and FFT for Traditional Korean Music Education
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Abstract  This study aimed to establish reference criteria for learners and performers by defining nonghyun—a
core expressive element in Korean traditional music—within rhythmic sobak units. Using deep learning-based
analysis with pitch extraction (CREPE) and Fast Fourier Transform (FFT), gayageum sanjo performances were
analyzed and visualized. Within clearly periodic rhythmic units, nonghyun segments were identified and measured
in pitch, depth, speed, and frequency. The analysis showed that Jinyangjo exhibited about three nonghyun per beat
and Jungmori about two, maintaining rhythmic periodicity despite tonal or phrasing variations. Future research should
refine segmentation criteria and extend to diverse sanjo repertoires and performers.
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S8l W18 wWsollA Ejet orE EAS Ad dFTHY 539 IS AFAE
HHOIA AlbsaA sdws] Wy} o7E B4 Add AAAY wes
AL oS AFTIAH-

olAH TS AF AFANAE 4 det a4 S AAr|E Sajt =oF
B 2 o=, 2355 I aSolMe AR e S5 2= 22kl A
7 7l FAE olsfols 71x SREWECR Ylsota Utk SHNEH, s &
AT w3 St W oA Do, o= 2o wHshke A 84 A
AL AL 5 Qlof Bt t51e] sd 9 Wasithe AS AXRITHLIm, 2010;

Lee, 2014; Kim, 2019; Kim, 2022; KIm, 2021; Kim, 2024; Shin, 2025; Kim, 2007; National
Gugak Center, 2025; Kim et al., 1995; Byeon, 2012).
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SHAIE 7H 530 AT ofgA TAE olF=A,
O](extent), 5=7](vibrato rate), 315=(vibrato number)7} |24 A U=A& FFH o7 A
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<Table 1> Album information of research materials

Album title Performer | Album type Distributor | Release date | Jangdan | Duration
Ga?/ageum samo, Kim Compact Disc | Music & 2022. Jinyangjo | 15:45
Shin Gwan-yong | o (CD) new 04.20 :

school - hogoji-eum o ’ Jungmori | 09:36
Gayageum sanjo, Moon Digital album | Mirrorball 2022. Jinyangjo | 26:31
Kim Jukpa ryu Kyeongah | (A live record) music 09.14 Jungmori 11:10
Gayageum sanjo, Shin Digital album 2024. Jinyangjo | 17:46
. . . Soundpress
Kim Yundeok ryu | Min-seo | (A live record) 01.15 Jungmori 12:09

—_

A, Az AR AFAY] 392 B 0% st deder, Ax 74 5o
o2 SHolA BaEel FARE 25 AdTHKim, 2015). o]of w2t 2 A=
29} o] AL SANNY] B oA 2 W Fo wd 725 wefsia,
15 e - R vuste] I 545 Wit
oA, 24 87 W ARl iRk WiEolt:. WA CREPE RENE E-83) 2t
oA &3 W5t ZHFO Contow)S FE3} T F &Y vjFdetolAE BETe] 83
#g} 49| GEAS SIS o] F3sH 2YE RES AEslrt ol % Fu
B = E B upyter Notebook) $173:g B-glo] Aleiel F7bo] diet Al 22l FFT 2443}
AZ1EE AT 2 5E SE T A SEY AR T SHY] Az
& A=, ARl W 3o HMIFE AlAslele ol VIEer SR A%
(onset) EFo]TS A5kt

ojuff S| A& EolA F&ol A 0IA F2 BF F7Her 5Tl A

_4

1) v.0.0.16& A3} https://pypi.org/project/crepe/
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0= oloji IO B4 WIS EHEE 2455tk o|F CREPE o Z0) A 3
A% 02 Tjgkel mEole] AnfE AAalT oj9le] Azje] BEoR nES 3 T
fol(Numpy) o] B2l S B8 FFTE S5tk 72 Be2lGoogle Brain)] o]
A AT(Wu et al, 20228 FZ5te] FFT ool 2 231 ZAHL & 100022102
g0l IES AR WP (zero padding A

FFT 230l 7bg 2 4718 2 F3ks o] 58 57 (vibrato rate)7h H33
ARQ1siko] Zeh A1 (peak amplitude)©] 58 HE(vibrato exteny] PP} 5A A7)
A 5@ 7219 ST T 7 gHmedian)o]l SFSH: STONARE Aokt Foly]
XS 7120 o AE(en)= AL,

B4 thago] H PR B AHEE ¥ soliPyhon) =S FE5te] 2L HA
F77to] S A8siect olee xS Be) thE ATA} ZeATE 5Y
o B4S MBI 4 gor, B8 Aol AW 48T 4 Yk B Ar
Zgo| M5t AT A @ WAL b <Table 259 2.
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<Table 2> Step-by-step research procedures

Detailed objectives and procedures

Theoretical background on jangdan units and vibrato in Korean folk music was collected through

—_—

a literature review.

Research subjects were selected, and corresponding audio recording files of the pieces were collected.

Run CREPE model to extract FO contour from audio files

Check the validity of FO estimation result and find note with clear vibrato using Sonic Visualiser

Segment the selected notes with vibrato based on note onsets and the onset of following note

Run FFT to analyze vibrato rate, vibrato extent, number of vibrato cycles using Python

N (|| B W (N

Research results from quantified segment data
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A2 7tokg @] ofefolA] U] WAle] St FEL RO Yekolgom, EAoIA
A8 F 7] AR SATARE DSt SEE | 28302 setsgick. ol
W2 8 AR the <Tuble 353} ek

<Table 3> Segment analysis results of vibrato in Kim Il-ryun’s Shin Gwan-yong school jinyangjo. p, .,
v, U,, v, deonotes median pitch, vibrato extent, vibrato rate, and vibrato number of cycles, respectively.

cyc represent number of cycles

Segment Segment time String Pitch | Pmed | e Ur Un D D
name name (Hz) | (cent) | (Hz) | (cye) (cye)
K-JI-1 9.440-11.250 Dang F#4 182.9 73.0 4.90 8.87 J 2.96
K-JI-2 11.290-12.570 Dang F#4 1882 | 1142 | 530 6.78 J 3.39
K-JI-3 15.450-16.580 Dang F#4 185.5 | 1404 | 5.40 6.05 J 3.02
K-JI-4 32.190-33.300 Cheong F#2 101.6 | 1489 | 5.40 5.99 J 3.00
K-JI-5 38.860-40.140 Dang F#4 188.8 | 1409 | 5.10 6.53 J 3.26

e AR 2 A T ohaa 2ok AA, XgR 72 1kl

A 3L 8BS T T2 IS 1] Sl 2.96, 3.39, 3.058], 3.02, 3.00, 3.26°0.2

YERSTE A B2 M=3.12(SD=020)E 4r=E| =], ol= 58 30| #1Hrjrt
UG5t HY QoA HEEH o g o]Fojx|1 S-S HojEr

A, S0 SIS B P EEFM)IM dFE FHKimi-L, 2, 3, 52 A4
182.9, 188.2, 185.5, 188.8 Hz= 180-190 Hzthol| =24 Hch

B Y EHES] FUKInIHE 1016 12, & 9] 7 £ Hols} F55p]
ekttt ol wgle] WE 21 WSt Xl IrR MAER, 24 ol
o]

2 9o Holz] Yok} A, B8 F7)9t B3 3t L7kt o —4 Aol Aot

ANHOL YU 71 A, AL 7Y 2 9l 2

53l0] QPgHOE AFsh ABHL OJolaick T 71 % o 80

200 ol Hasteln, 4ut B9l0] 5d JUE PYHOT FHT 5 Pt KILIS
I 1

oz AEsien ofo mE 53l &% 9 5@ AZ%= [Figure 113} &t
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Segment 00:09.44 - 00:11.25 | Med: 182.87 Hz | Extent: 72.95 cents | Rate: 4.90 Hz | Vib Number: 8.87
200

Raw Frequency R
@® High-Confidence Points
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[Figure 1] Visualization of pitch contour and vibrato analysis of K-JI-1
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<Table 4> Segment analysis results of vibrato in Kim Il-ryun’s Shin Gwan-yong school jungmori. p, .,

v,, v,, v, deonotes median pitch, vibrato extent, vibrato rate, and vibrato number of cycles, respectively
cyc represent number of cycles

Segment Segment time String Pitch | Pmed Ve Ur Un D /D
name name (Hz) | (cenf) | (Hz) | (cye) (cyo)
K-JU-1 5.930-6.730 Dang F#3 195.2 1453 | 6.00 | 4.80 J 2.40
K-Ju-2 9.540-11.060 Dang F#3 189.0 1436 | 550 | 836 | J+J) | 2.09
K-JU-3 18.230-19.040 Dang F#3 194.8 1443 | 520 | 4.21 J 2.11
K-JU-4 26.400-27.190 | heung B3 243.6 20.6 5.80 | 4.58 J 2.29
K-JU-5 29.000-29.890 Dang F#3 191.0 131.8 5.20 4.63 J 2.31

UUAE ABEF Fuelo] 71 292 FYhE et 2ok AR, ThL A 211
7V 2 dulel SRORS 7

71207 Adl} 3 314t Kim-Ju-1(2.40), Kim-Ju-2(2.09),
Kim-Ju-3(2.11), Kim-Ju4(2.29), Kim-Ju-52.31)2 EAEQIc}. AH BF-S M=2.24(SD=0.14)
2 YEoH, ol= AFE] AIKM=3.12, SD=0.20)0]] H]3] F2 X & Hlth. o=
i8] AEe] wh7lo] W2 Ajelaml e Auel| Rt Aekt 2t whelo] Wk S

olx|5l1 AFEA) gEAHO R =3 J4E ZAGT Qe-L

oee AAFRE.
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4, 2119 %J%VS— T2 F#3 S04 189~195Hz H9]o]l Kttt HzE B3l
23S 7R & QlEd 24 B3)e] UERS Kim-Ju-4o A& 243.6Hz2 EHRIE it
ClEo] o] F719] 5& Zloli= 5520cent= YEIEH], ol= 27389 7154 543 14
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[Figure 2] Visualization of pitch contour and vibrato analysis of K-JU-2
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okz BE T AT SEE | 22252 Tlet=Iglt. olo] e Y An
-2 <Table 5>9} Zt}.

<Table 5> Segment analysis results of vibrato in Moon Kyung-a’s Kim Jukpa school sanjo jinyangjo. p, .,
v, U,, v, deonotes median pitch, vibrato extent, vibrato rate, and vibrato number of cycles, respectively.

cyc represent number of cycles

Segment Segment time String Pitch | Pmed Ve Vr ‘" |'p oD
name name (Hz) | (cent) | (Hz) | (cyo) (cye)
M-JI-1 13:06.150-13:07.370 | Dung A3 141.4 1659 | 520 | 634 J 3.17
M-JI-2 | 13:10.520-13:11.030 | Dung A3 149.7 1746 | 570 | 291 D | 291
M-JI-3 13:33.880-13:35.120 | Dung A3 278.7 72.0 480 | 595 J 2.98
M-JI-4 | 21:34.280-21:36.080 | Dang F#3 199.4 130.9 | 4.90 8.82 J 2.94
M-JI-5 | 21:39.390-21:40.020 | Chung B3 248.9 18.5 530 | 3.34 D | 334
M-JI-6 | 23:04.520-23:06.060 | Dang F#3 198.2 119.9 | 5.00 7.70 J 2.57

7V A2 ARl 8ERZHE Vel E 4HT 53 Slee ML 1(2 94), MJI2(3 34),
M-J1-3(2.57), M-J1-4(3.17), M-T1-5(2.91), M-T1-6(2.98)2 SH1E]9 1, A4 Hah-S M=2.99,
SD=0.27=2 YEelgth &, AGRoAE §ESH A8F 7|&o & oF 33] Ye]o] Uty
Y%7 A= AT

E4), 319 F7ES F2 BRI A30l|4] TREQloH, 7PER 1414, 149.7, 278.7,
1994, 2489, 1982Hz= 7155 QIt). 5@ 2] ZEL2 2HMA, & - 29 59 =90 o=t
24.32-330.69 cent HY oA EXEF o, X (B3) FL7H|AE 5522 centHH v WA LGS
= FRI=I

A, 58 F7]= 2P Zol7E Qlujzhe AHHA 02 §RZH AUkE 7|50
et 77182 FASIH. olof AJ&sl 5@ Sk oF 33 WeolE 240l
A-5-50= FEXAY EHo| B — F39] UE 1Yoz oFs] Al giet
o] Zlo|7} Msfie, Auig HlE=e} 27]h YL HES At AFAPE A,
TZ2E AT AHollA 59 SlE A= og RASIL U2 AARITE T4l +
7] 2+ 5 AT 22 AEAIe] 7Y Aol gFFol FashEal, 4 T@elo] 53
HRE P o7 24T £ 9l MIL6S HE AIHER A=sigon ol &
=1 % 9 58 AASks [Figure 3)17 £t
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Segment 23:04.52 - 23:06.06 | Med: 198.24 Hz | Extent: 119.86 cents | Rate: 5.00 Hz | Vib Number: 7.70

2151
210+
205 1

Raw Frequency

1 @ High-Confidence Points
—— Smoothed Contour

| == Vibrato Model (5.0 Hz, 119.9 cents)

Frequency (Hz)
)
o
o

190 A

23:04.60 23:04.80 23:05.00 23:05.20 23:05.40 23:05.60 23:05.80 23:06.00
Time (mm:ss.ss)

[Figure 3] Visualization of pitch contour and vibrato analysis of M-JI-6
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<Table 6> Segment analysis results of vibrato in Moon Kyung-a’s Kim Jukpa school sanjo jungmori. p, .,

., v,, v, deonotes median pitch, vibrato extent, vibrato rate, and vibrato number of cycles, respectively.

e

cyc represent number of cycles

Siil]nnzm Segment time i:::f pitch IZI'-'Ilze)d (cZ;t) (I"-)I;) (Z)y"c) D (lcl;lz)
M-JU-1 8.760-9.660 Dang F#4 1984 | 115.0 | 4.90 441 J 221
M-JU-2 9.840-10.520 Jing B3 247.6 10.7 5.70 3.88 J 1.94
M-JU-3 14.640-15.410 Dang F#4 275.5 87.5 530 | 4.08 J 2.04
M-JU-4 26.220-26.960 Dang F#4 189.9 | 153.6 | 530 | 3.92 J 1.96
M-JU-5 31.410-32.130 Dang F#4 198.2 9.1 5.00 | 3.60 J 1.80
M-JU-6 32.280-33.060 Dang F#4 199.5 | 131.5 | 5.50 | 4.29 J 2.15

7ot AT SR Xt A Serd thaat Ak A, oA k] TR
Fo AUKRESH)G =& 314 M-JU-1(2.21), M-JU-2(1.94), M-JU-3(2.04), M-JU-4(1.96),
-JU-5(1.80), MJU6(2 152 glEglom, AX HFS M=2.02, SD=0.152 ZHI=] g},
, 2119 Z7HhS IPER 1984, 247.6, 275.5, 189.9, 198.2, 199.5 Hz= SHQlsich.
9 l’—3~8— EARAT &, 0] Wt 24.32-330.69 cent H LA o] FSHL UL
U227 B3)= 1520 cent= 55] LRI o] 7k 2 E444 Zol7t WA &4
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[Figure 4] Visualization of pitch contour and vibrato analysis of M-JU-1
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<Table 7> Segment analysis results of vibrato in Shin Min-seo’s Kim Yoon deok school jinyangjo. p,. ;.
v,, v,, v, deonotes median pitch, vibrato extent, vibrato rate, and vibrato number of cycles, respectively.

cyc represent number of cycles

Segment Segment time String Pitch | Pmed Ve Vr ‘" |'p oD
name name (Hz) | (cent) | (Hz) | (cyo) (cyo)
S-JI-1 06:34.690-06:36.340 | Dang F3# 188.9 97.7 480 | 7.92 J 3.96
S-JI-2 | 06:48.260-06:49.510 | Jing B3 245.0 19.1 520 | 6.50 J 3.25
S-JI-3 | 06:54.910-06:56.880 | Dang F#3 187.8 101.7 | 4.60 | 9.06 J 3.02
S-JI-4 | 07:06.980-07:08.690 | Dang F#3 190.2 127.1 | 480 | 821 J 2.74
S-JI-5 | 07:17.730-07:18.460 | Dang F#3 192.5 140.0 | 4.80 | 3.50 D | 3350
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1 AeYF AFRY #2 235 Sk ok 2ok AA, oAl 7 #1419
7 L AEHRE-SH)Y B3 34t SI1-1(3.96), S-J1-2(3.25), S-JI-3(3.02), S-J1-4(2.74),
S-I1-5(3.50) % ERIEIQ A, AA| BHFS M=3.29, SD=0.470]%c}. &4, &119] Z717He
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Segment 06:54.91 - 06:56.88 | Med: 187.78 Hz | Extent: 101.66 cents | Rate: 4.60 Hz | Vib Number: 9.06
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|Figure 5] Visualization of pitch contour and vibrato analysis of S-JI-3
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<Table 8> Segment analysis results of vibrato in Shin Min-seo’s Kim Yoon deok school jungmori. p, .,
v, U,, v, deonotes median pitch, vibrato extent, vibrato rate, and vibrato number of cycles, respectively.

cyc represent number of cycles

t i &
Segmen Segment time SNg | e | Pmed € " wb

name name (Hz) | (cent) | (Hz) | (cyc) (cye)
S-JU-1 | 08:03.760-08:04.460 | Jing B3 245.0 | 30.6 6.10 427 J 2.14

S-JU-2 | 08:16.250-08:16.970 | Jing B3 | 2451 | 159 6.00 | 432 J 2.16
S-JU-3 | 08:17.460-08:18.230 | Dang | F#3 | 1959 | 97.0 530 | 4.08 | p+D | 2.04
S-JU-4 | 08:27.130-08:27.870 | Dang | F#3 | 190.5 | 119.7 | 4.90 3.63 J 1.81
S-JU-5 | 08:27.880-08:28.650 | Dang | F#3 | 1933 | 1579 | 5.10 3.93 J 1.96

22 AHMGES )Y 3 314t SJU-1(2.14), S-TU-2(2.16), S-TU-3(2.04), S-TU-4(1.81),
S-JU-5(1.96)% SHelE]Qlom, AA| BHFS M=2.02, SD=0.143t}. =, AHld oF 23] ¢
O] Hl=7} A=A vehsith A wAet & HA 1k Y EB3 1) £ 5EL
& Zlo|7} AR ggkom, whd Al fiA o] T E(F#3 A2 w= HollA= Zo]
AR R IA Yttt oA “P‘HH EH31} w= oA 7)soks sd9 97t
gL AEd Sl fAH 02 {FAETHE A vttt

AR, 5@ F71= 7 SHER ZJol7F A5 o), ARt og 14HRE 7|0
= o Bt F714E FAISIHE 55] SREolA = 14a8KEESIH) QoA BHE
o= ok 23]9] Fd 347t ERIE =, 1L B2 ot oM AR} 2 9
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[Figure 617} 2t}

Segment 08:03.76 - 08:04.46 | Med: 244.97 Hz | Extent: 30.58 cents | Rate: 6.10 Hz | Vib Number: 4.27
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[Figure 6] Visualization of pitch contour and vibrato analysis of S-JU-1
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