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Abstract

“Dynamics Insights” focuses on gaining new insights into the dynamics of complex
systems using various methods, emphasizing the complex phenomena and patterns ob-
served in science and technology. We live our daily lives amidst various phenomena
and patterns, and one of the things we constantly and unconsciously perceive is sound.
These sounds include those we produce ourselves, those made by people around us, and
sounds from our environment such as the rustling of trees and the blowing of the wind.
The sounds we hear during our daily lives are called environmental sounds. Environ-
mental sounds are complex, composed of various overlapping sounds, making it difficult
for the human ear to distinguish the individual components in detail. Our group has
focused on classifying these environmental sounds, which are challenging to distinguish
in detail with the human ear. Research on environmental sounds has advanced signifi-
cantly with the development of machine learning, which has made it easier to analyze
and synthesize sounds. For instance, many studies have analyzed environmental sounds
by converting them into spectrograms and treating them as images, using convolutional
neural network (CNN). Other machine learning techniques have also been applied to
environmental sounds analysis. We aim to improve the classification performance of
environmental sounds by experimenting with various machine learning methods. Addi-
tionally, our objectives include defining the scientific distances between environmental
sounds, capturing the characteristics of sounds from classification results, and generating
new environmental sounds.

Keyword Environmental sounds analysis, Environmental sounds classification, En-
vironmental sounds generation, Anomaly sound detection, Mechanical learning

(%CH: SFIRECR)

-1 -



F18 RIS

1.1 B
1.2 HB .

FT2E FEEHAR

2.1 AR (2022) ICRBBE L.
2.2 KES (2019) WCKBWFFL ...

F£3F OV bEZOBEE

45 HNZEMITIHOFE, FR

41 BREEOBENE . . ...
4.2 RERBRHHERE . ..o
43 BREEERGRE . ...
44 HPLER L

BTHE FHR

5.1 BEESOREARE
5.2 RSEMIARRE . . .
5.3 BISEARERGE . . . .
F6E EE
6.1 B OEEERE L
6.2 RABERR AR . . L L
6.3 BISEAERGERE . . . . .
BTE Fr®
BE K

- il -

10
10
10
10

12

13



Dynamics Insights: Unveiling Complex Patterns

F1E IFLHIC

1.1 BH=

b OHERZHEREHEATVS. flziF, EREHEELLD, HREHAVTMHE L 0
2= —YaryiellolhLTws. 2habllscd, ROREFAZHWTZORFEZMRE L %
D, BEEOZ 527> a R NOMUBEEZHICLTEREZEALTVS. ZOXIREHPIEI
ROBRWHIIREE LMENTEY, bR ZNE2HERL TEHOE D OBRBEEZHMEL TV 5.

RSN, AEEEHCTIRESEZ ML, SOMESEIHAE LRI 2 #HET 2
Bfichh. sFEEEHOTERES 2T 2 2 ZEVHEBRFED A TS, Z ORI,
HAPEGOTREMN LU TBD, BEEIRELLLE, ZOEREMUTIHMTHLE
HEMRHREANDOIERD?H 5. FlZX, MEHE NEXT (2023/3/3) k3 &, EEEMG)IH
X, HEHTEBEOERPRELREOREEELMAIL, EF T THE S 2 ATHRE (AD #5#
ARTDOREEIEDT-. 1 LS [1]. BEBFBEZRAIL, NRFCERZRT LD, LIRLH
WO ORITF2 e TEZ 2 LUEHINTVS. LI L, BERKEORMADD, HE
A A =R TbhTw 5.

RIEEERGRESEE A ATICERT 2HMTH 2. BMESERRY DX T4 7ay 7 v VkilfE
WBWT, BREEIRNHIALR EOBA» SEEREE ZH-oTWS. LirL, HNCEET 3%
BEET—AN=2A00HT Zeid, WARKEEE TS, 20k, FEEEEZ W CHEICER
GRE 2R T AETOAT VS, ROFELE LT, mMETEX2ERDITETVRY, AT
XLEDRERELRoN TS ZeBEITFLNS.

OXSCE: fNRRREAT)

1.2 BH

CNODOHERMRT 2 & FOROREEMET 22T, WEEDH ERREE L 52
FAEREAREICT 2 EZT-. Zhib, AZL—FTIRREESTORRINCEBTREEZ, ot
MEmLTIRZZZ R HE L.
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£ 28 FEME

2.1 H /MR (2022) Ik BT

A /MR (2022) Ik EE 7T T RHMREEMRS X7 L OFE LMD D 5
[2]. BHaslE, BAAA=2—F Ay b T —2 (ONN) 12k 2 HERMEMBEZERAL, BE
BT =Xty hERAWEET —XORHE MBI AT LARRELE. ZOYRT LTI, FiE%
128 Koo THIE L, FEROOMITED 20 KTIZERM L5 2T, HEUEEKREZHWT 7z EL
DOEPIERFTHEL, MBEHRE LTROITVEEZIERT 2. ZOFEICED, KGBEO—BEEY
80% U L WHHMREBRTEYD, MBHREIP -V OIFFICHIREHT 2 Z LR hik.

OXSCE: fRRREAT)

2.2 MWES (2019) ICKBHHFE

KE S (2019) 12X % CNN Autoencoder 7> S L 72K b v ZREZ AW IRESE 7
¥nid 5 (3. WMEHIE, BZR2IEREHZFFOT—& 1y bZHWT CNN Autoencoder 2° &
IR Pty ZRBEOENEZREEL, RO CNN RXR—X D HEFHE L I L THRED
M EZRLUZz. ZAUCKD, IERERICFE LR WERESE D Z 325 2 L 03A[REICR 5.
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T3E JOS IV FEFOEE

FIIZTORMEIRZ 2 L VWS HEIZOWT, 3207 Fu—F%2RkA. 1 DHIX, BESY
¥, 2 0HIX, FEEMHY, 3 o081F, BESENTHS. 2032507 Tu—F26, ZAMIC
ZORMEPIRZ St 2HIEY T 5.

(%3CHE: SFIREERE)

Group Report of 2024 SISP -3- Group Number 19-B



Dynamics Insights: Unveiling Complex Patterns

E4E HWZENKTBIODFE, FK

RKIZN—TF, BREORRINCIBORMEIRZ, #hed I, ElEITS> 22T, FEitt
ROBEREZEE, M3 28R L. £, BESOSE, FBEEME, 280 otk
ABBELT, FEipT — XD DO AREN: 2 MEE L 7=,

OXSCE: fRRREAT)

4.1 RIEEHHEREE

REEDHBFEIIOVWTIE, FEELTEARAA=Z 2—-T L3y PV =2 ZHW/. CNN:
Convolutional Neural Network (BAAA =2 —F L3y b U —72) i, FICHEHBGT — X OUE
CHWBNEF 4 =T 5 ==Y FDEDDRy N T— 27 %572 F v Ths [4]. CNNIZ, AH
&, HIEr ZDOMIcH 2% DRNETHEREINTED, 77— X ZRNEORHEZEE T 2HMT
T—REEETLWMEND L. BEOTOERZH T o BERED R LITbA, BZLIZ®RiLS
FHAZANT 2 X5 W3 5.

(CXCE: R

4.2 FHEHEEHMEERE

MEEMHFEEICOWTIX, FiEE LT VAE ¥ VGGish #FW/=. VAE : Variational Au-
toencoder (94— x>y a—&) i, ERETNVO—HET, BT —XiZOoOVWTZYya—&XHh
LHEUS U 72 e e W TIER I WAER T 2 RRETLTH S [5. —MiZ, 7—
X DAEMPFHDOBIERIAZ [ 2 7DIfEHEI N 5.

VGGish 1%, Google 5% L - HFRHEMHO7-OOFREFEETLTH S [6]. TDET
U, EGRSETHISN S VGG 2 BICEEIEINTE D, RICER T —ZPREE T — 20 58K
TR T 2 -0 S. EH LZET U github TZRTZ 5 (7).

CXSCE: INRRET)

4.3 RIESEGRE

BEEENRHEICOVWTIE, FEE LTVAE 2V, £/, FHLET—XIIBHFEOERE
%‘ Rty MRTTRL, ERLLRES DAV,
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4.4 BLIE

INHDHRECWMOHLICHD, RUICERESE 7 —XORLEE LT, S#7—) &
(FFT) ZHWTESBEIEZ BEEEEBRICES L. sk, R Lo SR ES &R
TSRS B Z e ASARJREX 72 4. Python @ numpy 74 77 V2 {#H L CFFT 2%E(TL, &/&
T—REARY PRI 72,

ek U RS ORTLEIZE, EfREY 7 F T3 % Studio One 6 artist Z HWz. 3,
AR B @A E RE T 5720, BER T — XITHEYIRMEDANA NZAT 4 L Z—a—o%
AT ANR=THHA L. ZUuck), BHHNOEXREID 7V 7RIS LS5 ko, £z, BF
T RN EREEBOEAZBEHT 5720, T4 vV —%2HLL. X561, HNOERE
MR BTDIT ) = TAR A T Ly — DT o . ) -~ T4 X TREFEEROE R
Z—EOHPFNCHEL, av Ly —TREERDOXA F I 7 AZHIE L THEIRD 3T X Z2M L
S, RO I D, DX X7 ToOERESBEE DR LA TEs 7 -2ty b2
BT BB TEL.
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Group Report of 2024 SISP -5- Group Number 19-B



Dynamics Insights: Unveiling Complex Patterns

E5E [HR

AZNV—TOHEZ, HABRTTa—FroERLEEDEDT, ZANICEOREERR 5
ETH2. ZORBEERT 27202, BEEFHRETIE CNN, FEEMHRE T VAE &
VGGish, BRETEERFETIE VAE 2 FEL LTHOV .

(O%3CE: SFIRERE)

5.1 RIFENERE

%5, BEESEHREICOWT, ONN ZHWTEREE O R EN 2 idAaz. CONN Id3 I
BRBRTHWONZ FETH 2D, BRT—REARZ vaZ 7 LW EIRERICERTZ 2,
T, BARBRCEESEICHOHEMMETH 2. A2V —FTlE, ZoREE2E,»L, CNN 24
WBREE O MREM LR B L.

INHDOEEBYNCKF L, BREE T — &ty FTH 5B ESC-50 % H\\Cakli %17 - 7.
ESC-50 77— &t v M, 50 HEOREEN®Z 7 2 40 ff, 5 BE$T2oH b, &t 2000 HD 7 —
Xy b TH5 8. HlzIX, ROBEFEPLHOE, KEIO7 7 — 4 F R EOBENIERIATY
3. BEEODEOMTECBOWTLLHVWORTWETF—&Xty hTHB. KTL—FTlE, Z0D
TRty bEHVWTET LR bL—=V 7L, HERBEOMLEEZX 7. ZORRE, #189% &
WO EWHERERER L. ZORBER, BESEIHOSFICBWTHANIOH2METHD,
RELLETADPREEE RGN TELZ 2 ZRL TV,
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5.2 Y EHHERRE

iz, FEEMEREICOVWT, FiI VAE O TRESEOREEME L. SEEH L2
VAE OEFATIE, BIEZBORTTE 64 TITICRE L. TOREIX, BT — X OEMEREHY
PR Z, SHEAMBIMZ 2720 THS. FET—X LTUL, BREXAVARZ valJ A
WEB LT =X EHH L. XVARY vyrroak, NEOBERMEICE S B r—1
ZRORRINT—& 9 THDH, BEPERESFOMINICEL TS, TOXNVAXRT AT L%
VAE AN, Tya—XH ERT—XORMEBEEMICy BY 27T 2 X5 E8ERTo 7.
Z D%, ZOEBIEZEMERIRS M ICA) ZHWT 2 XITICXICHIRS 3 2 & T, BEZEm%
AL U7z, LB (2023) 12k 3k, ICA ZHEERHIR T — X I2B W T AP L3 VWiksy
ZEZCMTE 2 [10] ZE2RENTED, KIVNV—TFTEEHR T —XAOHEHAZAAK. K 5.1
X, ROBEFLFRE 2 ADNEH % VAE ISl L7 EOBEEBZ L7z DTH5. 20
FERDPD, TVa—XPER I ORHOBEVEIRZ, EYNTHIE L TWwa Z e iz, K
2, B ZEFRT— XONSEZEM ETHEICXAIX NS Z e 6, VAE ZHWREEMB O/
EIREI NI,
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5.1 B{EZEM

T HIZ, RIZNV—7TIX, VAE DAL OFRERH L E LT Google 23 F¥ L7z VGGish €7
LWHIER L7, VGGish 2/ 32 22T, HF7—XZEERIT (128 KL) DFENZ LT
JEAET 2 ZEDA[RETH D, ZAUTKD, HET—XOWUH L @i shR{b S k.

Rl o, VGGish TR LN 128 ZUTORHHEAR 7 Fvd ICA ZHWT 2 Rt XAl
L, 0~19 @ 20 F¥H D Components 27 TA[#H{LZIT -7, ZORHILTIX, VAE & [k
12, BIRBZER T — XN LTI RS Tn S Z e oiERR S .
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|z, Component 0, 1, 2 TIX, UNOERZLZHH S/,

Classes with high feature values in Component ©:
brushing_teeth: 1 samples
cat: 17 samples
chirping_birds: 1 samples
crow: 5 samples
crying_baby: 13 samples
dog: 26 samples
door_wood_creaks: 4 samples
frog: 1@ samples

hen: 16 samples

laughing: 5 samples

pig: 1 samples

rooster: 23 samples

siren: 1 samples

sneezing: 1 samples

5.3 VGGish Component 0 Ot H

Classes with high feature values in Component 1:
airplane: 3 samples

car_horn: 7 samples

engine: 2 samples

helicopter: 2 samples

sheep: 1 samples

siren: 7 samples

train: 12 samples

washing_machine: 1 samples

wind: 1 samples

5.4 VGGish Component 1 Ot &

Classes with high feature values in Component 2:
brushing_teeth: 1 samples
chainsaw: 1 samples
clapping: 1 samples
door_wood_creaks: 1 samples
door_wood_knock: 1 samples
glass_breaking: 2 samples
hand_saw: 13 samples
toilet_flush: 5 samples
train: 13 samples
vacuum_cleaner: 25 samples
washing_machine: 7 samples

5.5 VGGish Component 2 O &
VGGish OFEEIX, FRIFEHET VO KZEILTED, FINMIELRTFT -2ty bTHE
WRHEHIHRE ) 2 33 5 Z e 2R sz,

(O%3CE: SFIREERE)

5.3 IRIEEENERE

RIS, BESAERGEICOWT, VAE 2HVWTRES AR 21T 7. AZL—7TlF, =
YA—KIZRANVARY val T hEANT B TERREITV, FTa—Zhr BRI AL 2

s#ﬁ
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A= N DA A IRl = e = ) M YA

X 5.6 1%, EPEEDOE (rooster) DIGEFHE XILARY v 7T LA LIZHDT, HH
ZOEDEXR 2 VAEICX o THBR LAEANLZARZ b urSATHS. ZOHEBEMAERIZ, T
OEACEMLTED, HEEREEIZ Y ZFRE (MSE) T 0.0038 LW EZFGR L. Z
X, ETADBANT —RORE ERCFE L, ThEEETINCBRTWE I 2RLT
W3,

Original Spectrogram Reconstructed Spectrogram
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56 JTLT—XLEEBEZEDOANART v T A

VAE QBT BESMICHEE,N 7oy b3 d. ZOBEZEBIZIERD MRS &
SWHERSINTEY, HE T —XOKRENLRHEZEM LR RoTWwa, ZOEEZEMORE
Bk, ¥l ERoERICbAATE 3. BRI, Tay F INFREEOHEE DT 2ICETL
S, ENETa—XIIANTHILT, TOBEHACEULEN O DR IFHZRDORALARY
MRS LARERTSIEDARETHS. COFEED, TOBFRT =X 2EICEHRRERAY
IT—aYERAERTE 3 mPMERI N,

F7o, WHEEMCBIZEHE LT, B2 2 EOEORBEOMICND ME I3 8E2{T-
2. ZOWGHEOEETFa—RIZANT BT, WlOEOREER OB E AR L
L2 L, Bl BROERCERLEZEROYELICS, /A XBA->TLE> TV,
BT, FERLAEEBHCTEREITo /. MROFIE, K I TREREOB N TRE
L-REOBOHE 2 AV, SESNECENRNAOENEETN TV D, FlE: LT/ A
ABREEEMLUIz. 20k, WHFEADE T —X%Z VAEICAST L, BEEEICTay b IhiE
BORMBEBOMZRIRL TFa—XICANT 2 2 THEOEREIT> /2. ARSI N72TF1F ESC-50
DT =&ty MIESOTHITINAERRERICHS, 7 4 XHELOEADSHER X 7.

(\0@

(X3 SFIR R
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E6E BE

6.1 RIEFDERE

—a2—=I0 %y N7 =2 ICESKBREESNEOMKE L LTIE, CNN, RNN, CRNN ic#5<
FEREDPERINTWS. T2, Transformer IZBAAAEY 2 — L EMHAIAAT Conformer
ERHOWEFEDREINTED, GVEEEEZRT ZeREINTWS [11]. ZhsDFEEH
%222 T, SEOSEMEREEZ X DA LXEZ ZDHHETHLEERD.

LHENX ESC-50 L WO DT — &ty bEHWTHEEZTo/. ZOT—Xty MIF~L
DANOEDREZINTED, BORERA IV IPHETH 2. LirL, EBRBETCIHEMMOF
bEFENTED, SORXBFORERA I VIR D XA LRAR Y TERT NIVBBE L
75, TNHOMERBRT 272012, FINNVEERITIDENDH L ERD. I LEB YL
X, BT —XOHIMOENEENZDIEODEDREDRA IV T TR TWBERIELLRW,
EWVIDEZVT R EHWEFEETH L) Ll RHENATWS [12]. 57V EREEZ(TS 22T, 5
RIECORBEEAHICOEHATE 2 X5 WHEHERET VOMENFRETH I ER 5.

(XSCE: RN

6.2 FEHEMEERE

R XD, Component 0 TIEK 5.3 D@D TH 7. i (cat) K (dog), ¥ (rooster) 72 ¥
DENZ LB INTWVWE 72, Component 0 TIXEVINREIT 2 E 2B HEE S ELMHTE
5¥ Wz 5. ¥7, Component 1 TIZK 5.4 D@D THo7z. HDZ 527> a ¥ (car horn) 4
A LY (siren), BH (train) REDEPZ L HHZN TS 7%, Component 1 TIE—ICEEE
CRMEND EOREEEUREE S FLHHTETVWE 2 WR 5. X512, Component 2 Tl
55 DIEH THo7z. FFDIZED (hand saw) LR (vacuum cleaner), JEiER (washing
machine) 72 ¥ DENZ S HHINTWS 728, Component2 TldEGH TRIHAN 72 & & & TR
EOFESHHBTETVZ VR 5.

(XSCH: SFIRER)

6.3 RIREEREREE

FER XD, MSE 280.0038 TH 23 Z riE, EFTADPANT — X OHFEMNFHEE RFICHET 2
RENZRLTBD, BERETLE LTTHaRBERZAL TV EEZONS. LaL, FMK
BOHFFIIE /A RXDBA->TLES 20, ERICHER T2 3 TE ko7, ZOFEKEE L
T, VAE OEREMICBI 28, BREARZ b I7 0 DEMIBI 200 EZILN5.
VAE I22WTC, =y a—XEnstailBEMEiTAirolzcenBExbhnsd. ¥, BF
EARZ v RT T A DEHUIONWT, BEFRICMHEBERS KON T L E 722 e DBREKE L E
ZBN5. THEMART 27012, HREY — ) 2 EROUEEICE SO HERBRFIETH

Group Report of 2024 SISP - 10 - Group Number 19-B



Dynamics Insights: Unveiling Complex Patterns

Griffin-Lim 713 X 4 [13] Z HWTHAHOHEE Z L7228, SERICNHOE/MEREZ T2 Z i3 T
XRholEILND.

¥/, BEEEORHMEZIRMET ST, RNV I - a VORBEELZEKTELZ L
&, REEERETVOEHAMEEZRLTWS. L L, BEBEROMHEEE L 22, RS
RIIREV T2 o7 ZHE, AREFTLE LTHEORMAD 2 EZ NS, ZDH
AR RIS 2 72912, GAN % Transformer 72 ¥ OMDE TV ERITT 5 Z &, EFERICOW
TORBNLRFHETEREZ R 2 2 e BT o 5.

FT - ROEMRERED, 7=ty MM LLERE AT 4 XHELOEHADHER S
N7z, THRNERT — RICHRNDIREEN L G FEN 570, ERMERICERNYEL 527
LEZONS. FILEE LT/ A4 XREZEML 725, TRICNRAOEZHRT 2 2 L IZHNE#T
HY, TUPERIN-EHFOFERTNCHFG L2 EZLNS.

(TE: MAREE)
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BTE o

KIN—TTIE, BIREEONE, FHHOME, FOEMIZONWT, ZhEenOFEIRRIITHE
REST AR LTz, — /T, BMULEIC /A XDEENZMESP, FRETHAT 272012
BETAZLDRILT 20ED DD Vo EDIHL TR o 7.

SGROTAEMEE LTI, EREROEZ S LA LI E LD, DOEFLE LT GAN %
M7 Transformer € Wo 72 ET A EEAT LI eNEZONS. £/, ERETETLVEEH
TE3L5127574DITUF, FINVEHBE WS FEEZHNWS 22T, KDFRRHIGT 2 0ED
Hd. T, EFRLALETOMEZEBINCIHMETE 2 HELZEATLI LT, ETLVORR L
D5 EHARETH .

KIN—TORNRIE, BRSBTS AREEZ RLTWS. ARz EREL, 25
WCHEZIEZ LT, FERINCEBEREESZEA LS EIER0HEANOICHBHIRFE N 2.

(%3CE: SFIREERE)
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