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Clustering and classification of residential noise sources in
apartment buildings based on machine learning using spectral
and temporal characteristics
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ABSTRACT: In this study, machine learning-based clustering and classification of residential noise in apartment
buildings was conducted using frequency and temporal characteristics. First, a residential noise source dataset was
constructed . The residential noise source dataset was consisted of floor impact, airborne, plumbing and equipment
noise, environmental, and construction noise. The clustering of residential noise was performed by K-Means
clustering method. For frequency characteristics, Leq and Li.x values were derived for 1/1 and 1/3 octave band for
each sound source. For temporal characteristics, Leq values were derived at every 6 ms through sound pressure
level analysis for 5 s. The number of k in K-Means clustering method was determined through the silhouette
coefficient and elbow method. The clustering of residential noise source by frequency characteristic resulted in
three clusters for both Lq and Ly, analysis. Temporal characteristic clustered residential noise source into 9
clusters for Leq and 11 clusters for Ly, Clustering by frequency characteristic clustered according to the
proportion of low frequency band. Then, to utilize the clustering results, the residential noise source was classified
using three kinds of machine learning. The results of the residential noise classification showed the highest
accuracy and f1-score for data labeled with Leq values in 1/3 octave bands, and the highest accuracy and f1-score
for classifying residential noise sources with an Artificial Neural Network (ANN) model using both frequency and
temporal features, with 93 % accuracy and 92 % f1-score.
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Table 1, Dataset of residential sound in apartment
buildings.

Noise sources N Noise sources N
Adult g Dogbark | 33
Jjumping
Adult Metal | 24
running
ol borne
ult 155 | noise Piano | 24
walking
Children -, o TV 24
jumping
Children |, o Bath 18
running
Chair ¢ Shower | 4
dropping Plumbing
Floor | vaccum and
impact | cjeaner 23 equipment Washbowl | 10
noise noise
Remote | Toilet | 10
dropping
Entrance 24 Outdoor 11
close
Golf ball 40km | 36
. 33
dropping
H ering | 54 Traffic| 60 km | 36
Indoor close | 26 Er?l‘;g;?- 80 km | 36
Remote | 4\ 1 noise | pjrat | 12
dropping
Spoon | 4, Railway | 12
dropping
Air 12 Excavator 12
compressor stop
Asphalt | ;) Forklift | 12
finisher
Bawch ) Loader | 12
plant
Breaker | 12 Payloader | 12
Bulldozer | 12 Piledriver 12
Construc Construc-
tion Coqcrete 12 tion Road 12
noise mixer noise roller
Concr.ete 12 Stone 12
pumping crush
Concrete Truck
vibrator 12 unloading 12
Tunnel
Earthauger | 12 ventilation 12
ExcaYator 12 Vibrating 12
loading roller
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sources

Analyzing

- Spectral [up

R

Range: 31.2~2k Hz
LAmaX 315 63 125 250 500 1k 2
1/1 Oct || L, 652 539 467 377 333 343 340
L L. 698 595 518 370 289 302 284

Aeq
Amax Range: 25~2.5k Hz
1/3 OCt |I 25 315 40 0 - 2%k 25
LAeq L, 578 641 538 443 - 289 303
Lo 595 647 608 493 -~ 227 254

Temporal

»

4993 |
396 |

L

Range: 0.1~4.993 ms
|I | 0.1 0.106 0.112 4.981 4.987
| Leq 36.1 36.1 364 = 394 39.4

€9

Fig. 1. Examples of analyzing spectral and temporal characteristics features,
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Fig. 3. (Color available online) Spectral
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Fig. 4. (Color available online) Spectral

Table 3. Most of using spectral characteristic in
residential noise (1/1 octave band, Leq).
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Table 4. Percentage by frequency band [%] (L: Low,
M: Mid, H: High).
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Fig. 6. (Color available online) Temporal characteristics of clustering result — 1/1 octave band, Leq.
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Table 6. Most of using temporal characteristic in
residential noise (1/1 octave band, Leq).

Cluster Al-1 Al-2 Al-3
Sound | Adult running | Adult walking | Adult jumping
source | Adult walking | Child jumping | Entrance close
Number 220 644 311
Cluster Bl1-1 B1-2 B1-3
Sound Hammering H eI | Chair scraping
source Dry-cell Traffic noise Entrance close
dropping 40km
Number 1,285 1,178 421
Cluster Cl-1 Cl1-2 C1-3
Sound Dry-c.ell Bath Chair scrapping
dropping Dry-cell Remote
source . . .
Spoon dropping dropping dropping
Number 987 539 817
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Fig. 7. (Color available online) Temporal characteri—
stics of clustering result — 1/1 octave band, L.

Table 7. Clustering by spectral and temporal charac—
teristics Lip—Lgo by clusters.

Evaluation Index L]()-Lq()
Al-1 26.06
Al-2 15.62
Al-3 28.10
BI-1 5.13
Leq
(111, oct) B1-2 6.86
B1-3 15.01
Cl-1 4.78
Cl1-2 432
Cl1-3 7.10
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Table 8. Performance of machine learning models
accuracy and fi—score [%].

Using temporal characteristic

indes | | evauion | NN | SYM | KN
1/1 Accuracy 77 71 69
OCT | P-1 score 76 66 70
Lo 13 | Accuracy 77 71 67
OCT | F-1 score 78 66 71
1/1 Accuracy 76 62 61
OCT | F-1 score 76 66 66
Emas 13 Accuracy 76 64 65
OCT F-1 score 72 59 64
Using spectral characteristic
indes | | evauion | NN | SYM | KN
1/1 Accuracy 87 77 84
. OCT | F-1 score 86 75 83
“ 13 | Accuracy 90 78 82
OCT | F-1 score 88 75 82
1/1 Accuracy 85 74 80
L OCT F-1 score 76 62 74
. 13 Accuracy 88 77 80
OCT | F-1 score 80 69 73
Using spectral and temporal characteristic
indes | | evauion | NN | SYM | KN
1/1 Accuracy 90 75 77
. OCT | P-1 score 88 72 77
“ 13 | Accuracy 93 76 77
OCT | F-1 score 92 76 80
1/1 Accuracy 91 69 72
L OCT F-1 score 89 71 75
. 13 Accuracy 91 69 78
OCT F-1 score 84 70 72
A4 SUS o2 v mRlY Yok
£ vlmatgick BrHA5 13 Sk WEE Lyghe
F8) TUSE FHo| Fuh B4, A 54, F
Thpoh A7 B S AMg Rl FALS UL BE
3 An} ohE mdof u)s) LE AEEs} B
eRdeh 1 AshEsL e REe HAAS 158
EfE R = Lo gk S0l ot SRt ) A 714

B2 AHg310] ANN 292 0]- 8 757 Faceuracy
93 %2} fl-score 92 %2 7}4+ 7] Lpebyic), w3t 5

The Journal of the Acoustical Society of Korea Vol.42, No.6 (2023)



614 ARE, o140

4= E4 HlolEE 7HA| 1L
E4 HolHE 7Hx]aL ERet E%_
accuracy 2} fl-scoregto] A LFEPSTH(E 7HA] 4= 1/1
SEPE T Ly, O] 33 2l A €)). o=
61} Zro] Fus EA4Jo] thFof| = E+tshal AJ7HA
T &2 YR 7392k de] 9l
A7 Aol Tk 30|
e | g0l AlZHA E4 Blo]E S ARSI
dlolE & 83 o] F4

5 %ol A ek Aoz o

E
£

Fig.

& ATelM=
ddelEE &8s }04 DMEW 71** 4
=g ¥ ERE At FALSUE 7
7HA 9 (Leg®} L) 8 31 573 0] S ilo] 2
oH 3709 2R o7 JLEREL A o 2 Uephygth 27

Fibe 5442 B A ut o ¢ 2] W] o]
50 %, 40 %, 30 %1 7490l whet 3 o] vh= A e
Wtk G ke 542 S LAsE
A 5379 A& ARH 5Lz 23 ReE
AYsHATh B7FA S 11,13 LEFE M= L gk
ol e AIZHA 54 232 F o7l 9] AL
o] = U E3E, B4 V1, 1/3 SERE A
E LinbS E 3 UERE AIZEA B4 24 & 3 1
Me] A G0l FAE ol F, FAhe
o 23& 28371 sl & Aol A vrEhd A
T2 epigsto] AT US BRoHth & A
ol A= B = 97heF 117]] E5f o] Vrebyt
ok 2} sgste B7Ae] el EE Sl 4
O Fupa B4R o] 87 79, AIRHY 54
ks ol%P %ﬂ TJJr# E“ﬂr Alﬂx S84

P o) T B A B A
of ANNEIE o] 83 497} 7Hg e AF=g
et

Go| 4 WAL 27 sg0 R
2 sjdsl] glat ) 2T 255
i ALY o B T3}, 2
9 Btk FALSOR QI3 YA 3
S ARA A o] B E P S B %
A& A% BT Bast ek A9 A%
8171 $1aATE BE e ol A WA A
19] o] e A1S 758 8 a7} 917] thize] £
oM #AA S5 ol 752 915102
5L 88U A% R ofs) AT
© 24 AZFAuhct chaA e oE
of 57141 o] 8 Al T-20] B 3k AFAof 4

=T
Slal

[e)
&8

‘wﬂ%Tﬂ+EJ°Z4*muﬂa%@WQ
& A R Ol CEA Hep7] well, & <
A ZARSE b W A 7HE EAJ o] o5t :,LZI/\

£ 289 mUE o] Wastchn gekwch &
AR AR A A A A5 US
A A7 A A B AFFE oA 2
ﬂ%%%ﬂﬂftﬁﬂHATﬂi%ﬂoé%%

4Mﬂﬁwﬂm4ﬂﬁﬁﬂﬂi§%%
FelolA] 20 AN
%ﬁ?é#—%-ﬂ]ﬁﬂﬁ AA| A%
it AT ] S B
%qaﬁ+iﬂxﬂ%ﬂ
1o] e sl S
Ho] F7hAlo] Wasith
o 2

|

(o 2
flo &
_ILOL J
315
\-J
ﬁd

=

1“1:]:

HURES
oM.

> o
=
2
lo
il

1o w2 &

ot
3 r*°
N L

ox R
i

o
9#
=l
>,
L
)
|

-0
_u_IZ:
o!

A
=)
o

N

o il
ooy
s
oX T,
e o
fil ol
rs‘:olzL

o
v
k1

™
o2t
ol
o
s
rir
é
>,
)
)
o

o B oox e 2 Ho A
e
o
1o
N
2

o Am

|

2 o

N

oo}

o

QL

k1

N

_};—i

S

o,
_\2 ol.m O_>l:

T ijm
re

=y
SR
i)
o

ok

rE




el a-smﬂ,gi @71 Baste,

ZtAte| 2

T FELFH/AEILTHE]E2
-2022- 00144050) AP EANA} 9] H
] DA B 20023556)3 2
& L8] (ZHA ¥ E: 2021-3907)2] A

N olo{t
oo o

[e]

1

References

. Gwanghwamun Ilbunga, http://19gwanghwamoon1st.
pa.go.kr/, (Last viewed November 24, 2023).

. Korea Environment Corporation, “Casebook of com-
plaints from neighboring,” in Ministry of Environment,
edited by Floor Noise, Management Centre, Case
book, 2018.

. Joint housing management dispute mediation central

“Infrastructure and transport,

committee for management dispute mediation of

committee, central
multi-unit dwelling: Guidebook of noise prevention
and management,” Ministry of Land, Guide book,
2020.

. K. J. Piczak, “ESC: Dataset for environmental sound
classification,” Proc. ACM Int. Conf. Multimed. 1015-
1018 (2015).

. D. Stowell, D. Giannoulis, E. Benetos, and M. D.
Plumbley, “Detection and classification of acoustic
scenes and events,” Proc. DCASE, 1733-1746 (2023).

. H. K. Shin, S. H. Park, and K. W. Kim, “Inter-floor
noise classification using convolutional neural net-
work,” Plos One, 15, €0243758 (2020).

. H. Choi, H. Yang, S. Lee, and W. Seong, “Classi-
fication of inter-floor noise type/position via con-
volutional neural network-based supervised learning,”
Appl. Sci. 9, 3735 (2019).

. H. Choi, W. Seong, and H. Yang, “Source type
classification and localization of inter-floor noise with
a single sensor and knowledge transfer between
reinforced concrete buildings,” Appl. Sci. 11, 5399
(2021).

. H. G. Park, G. O. Baek, and D. H. Moon, “Modal
Parameter of floor and walls in residual building” (in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

615

Korean), Proc. KSNVE Annual Spring Conf. 682-685
(2015).

J. K. Ryu, I. H. Kim, and J. C. Go, “Heavy-weight
floor impact sound and vibration with structure types
in apartment building” (in Korean), J. Acoust. Soc.
Kr. Suppl. 1(s) 34, 212 (2015).

M. J. Kim, J. Y. Sohn, and H. S. Kim, “Contribution
ratio of each surface of receiving room for floor
impact sound transmission by using sound intensity
method” (in Korean), Proc. Spring Annual Conf. AIK,
311-313 (1998).

K. W. Kim, J. S. Kang, S. E. Lee, and K. S. Yang,
“Floor impact sound isolation performance by
composition of ceiling and wall” (in Korean), Trans.
Korean Soc. Noise Vib. Eng. 15, 465-473 (2005).

S. Lee, D. Hwang, J. Park, and J. Y. Jeon, “Cause and
perception of amplitude modulation of heavy-weight
impact sound in concrete wall structure,” Build.
Environ. 94, 785-792 (2015).

Y. Kwak, S. Lee, J. Park, D. Hwang, J. Y. Jeon, and J.
Park, “Effect of the static compressive load on vibration
propagation in multistory buildings and resulting
heavyweight floor impact sounds,”
Am. 142, 308-316 (2017).

J. Y. Jeon, “Subjective evaluation of floor impact
noise based on the model of ACF/IACF,” J. sound
Vib. 241, 147-155 (2001).

J. Ryu, H. Sato, K. Kurakata, A. Hiramitsu, M.
Tanaka, and T. Hirota, “Relation between annoyance

J. Acoust. Soc.

and single-number quantities for rating heavy-weight
floor impact sound insulation in wooden houses,” J.
Acoust. Soc. Am. 129, 3047-3055 (2011).

S. Kim, J. Kim, S. Lee, H. Song, M. Song, and J. Ryu,
“Effect of temporal pattern of impact sound on
annoyance: Children’s impact sounds on the floor,”
Build. Environ. 208, 108609 (2022).

Floor Noise, Management Centre, “Interfloor noise
neighbor center 2019 civil complaint statistics status,”
Mon. Rep., Korea Environment Corporation, 2019.
ISO 10052, Acoustics — Field Measurements of
Airborne and Impact Sound Insulation and of Service
Equipment Sound —Survey Method (2021).

J. Jeong and J. Ryu, “Survey method for field mea-
surement of rubber ball impact sound in reinforced
concrete apartment houses,” Acta Acust. 7, 1-12 (2023).
J. Ryu and H. Song, “Effect of building facade on
indoor transportation noise annoyance in terms of
frequency spectrum and expectation for sound in-
sulation,” Appl. Acoust. 152, 21-30 (2019).

S. H. Park, P. J. Lee, and B. K. Lee, “Levels and
sources of neighbour noise in heavyweight residential
buildings in Korea,” Appl. Acoust. 120, 148-157 (2017).

The Journal of the Acoustical Society of Korea Vol.42, No.6 (2023)



61

23

24.

25.

26.

27.

28.
29.

30.

31.

| Xxt

6 4%

gt

. G. Hamerly and C. Elkan, “Learning the k in k-
means,” Proc. NIPS, 281-288 (2003).

P. J. Rousseeuw, “A graphical aid to the interpretation
and validation of cluster analysis,” J. Comput. Appl.
Math. 20, 53-65 (1987).

C. Shi, B. Wei, S. Wei, W. Wang, H. Liu, and J. Liu,
“A quantitative discriminant method of elbow point
for the optimal number of clusters in clustering
algorithm,” EURASIP J. Wirel. Commun. Netw.
2021, 1-16 (2020).

L. Beranek, Concert Halls and Opera Houses: Music,
Acoustics, and Architecture (Springer, New York,
2004), pp. 662.

M. E. Nilsson, “A-weighted sound pressure level as an
indicator of perceived loudness and annoyance of
road-traffic sound,” J. Sound Vib. 302, 197-207 (2007).
W. S. Noble, “What is a support vector machine?,”
Nat. biotechnolo. 24, 1565-1567 (2006).

L. E. Peterson, “K-nearest neighbor,” Scholarpedia, 4,
1883 (2009).

A. K. Jain, J. Mao, and K. M. Mohiuddin, “Acrtificial
neural networks: A tutorial,” Computer, 29, 31-44
(1996).

C. Goutte and E. Gaussier, “A probabilistic inter-
pretation of precision, recall and F-score, with impli-
cation for evaluation,” Proc. LNISA, 345-359 (2005).

2

=

12

>

o™

& £ (Jeong-hun Kim)
20193 28 : FAtY St ZASEMHEStnt
EN
ﬂ 2021 28 : Mtistu AFSE=Z st
b v MA}

20211 38 ~ B} BelriStn 2 ES
Tt dpAtaby

\ ¥'Y 4

4

» 0] & 0] (Song-mi Lee)

201954 28 : FATHEI W HEEHESI

StAt

_— - 20214 28 Mthstn ASESZ St}
LN AL

e 202144 384~ BixY : FThstm HEES

' Tt dpAtaby

» Z &= E (Suhong Kim)

2020 22 : |

202214 28 : Mt
AL

20221 A 28 ~ iRl : M

Zaat BAbaby

El Rl
WY
Hh
Hm
i
OHl
olt
[}

gl
°
El
N
M
)
o

» & 2 M (Eun-sung Song)
202144 2 : FMTHSE HEZHE S}
StA
2023 28 M tstn HAEE=SZ St
Y | AAt
o 2023 22! ~ S4x} : Ecole Nationale des
@ Travaux Publics de I'Etat, Université de
Lyon, France EfAtPH

O

2t (Jongkwan Ryu)
‘ 2007 28 : SFCHSm AEZ StatHlAL
201044 88 :
Japan
20114 58 : St Stm HAEZstat ¢
PSS

20154 8% : EA T 71AR&DcenterziQl
P

201551 9 ~ x| : MLfriEtn AEEHS

s



