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ABSTRACT

Recently, inter—floor noise generated mainly in apartment complexes has emerged as a major
factor in deteriorating the quality of life of residents and is recognized as a serious problem
that causes social conflict. Accordingly, the government is taking various policy responses
such as strengthening standards, revising building design standards, and preparing a
follow—-up management system, and the construction and material industries are also seeking
technical solutions. This study collected patent data from IP5 countries such as Korea, the
United States, Japan, Europe, and China from 2004 to 2024 and conducted a quantitative trend
analysis based on this in order to understand the technological development trend of
inter-floor noise reduction technology and suggest future research and development
directions. As a result of the analysis, it was confirmed that the technology is gradually
expanding from the center of floor structures to ceiling and wall structures, sound absorption
and sound—-absorbing and sound-proof material technology, and in particular, it is confirmed
that Korea and China are leading related technologies. Recently, artificial intelligence and
data—based optimal design, and user—customized noise reduction technology along with the
use of eco—friendly and nano materials have attracted attention. Although this study has
limitations in patent—-based analysis, it provides significant implications as basic data for
establishing future R&D strategies by looking at the trend of technological development and
deriving blank technologies and predicting promising future technologies.
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SAS EAE @Y F5FHolA 7P AR AR ol4r F shuhE 5 1L 9ok 5=01€ (20
16)°M= SHAasolgt OltES} T2 oA ol EE= A B AF 07 o]
(1], Kim et al. (2016)2 37432 5T oA T == £30] TFE AFAL] FH0E HEE
of BRloIA A 813 E3-E F= &S0l BYsIrH2l. ole 35F oA Saa AFAE
oA XA A H mlshE 1, o] 7F 252 2|6kl Yk Min and Lee (2023)2] A-tollA= 2
0194 71 f2lvet 3559 AF 7t = JA 99 62.3%F AHAok, o= Hd tiH] 4.3%
71 A Z UERE oW (3], At 355 57 5716HHA] o| & Qlsf| 37t T Rl G A&
o2 Fojub1 9t} Ju and Baek (2020)= F21H19 HHAY o]F o] AFsR= A|7to] Lo A
B2 A7} oF 80% F5 ottt gheH4l
g A1 AZVde QAR A= ot did S sl Qlok. S E S5 (2023)914= 202
39 T vieEA 2ol W3 & 2 A6t 71E 49 dBoA] 43 dBE 71ES BF 5] A3t
SHATHS). T3 S E W E55(2023)0] whet 202349 1€ 2UHE AlE S5 SH4AS Helel 7]
ol TRt 2] o) w2} S7HAaS9] 57 S 7120] 7143 dBOlA 39 dBE, oFF 38 dBllA] 34 dB
2 oF 24 = U5
s AS-2 3A 7100 7108 £33 720 7|Q1%E A3 02 FEEY, 55| L0 7|3t £3-2
Z7HR1] 93t 220 2 ovX]7} 27] gz B EA7F Er). 355 v AgEE 94
34 2Z0EE AAY HE 48, Add 5o Tad, &5 &8, 7t ol € E4 Yot
ot S57F o, olet 1A $EAE FHETE S TS E R RS S
KICT (2013)°]l W29 &8 T ), vig 72 7iA, &34 AN & 123 A3 F333
a0 8o, FESA 5 3ol A e Ao E AEHA ok AA AElE Y, St
= 459 REL2 5342004 vHIEEE A 0E vehdtHol.
A A 913 71e3 ALE tIsHA o]F01A| 1L giok. Mun et al. (2014)°] 24 =719
gk 30] Fox]= wh, 300 ol A1 FA1AZ 9] FoF a]lo] wol v d 2S4S
1 7F51A| WEE5l= o] ATkl SHATHTI. Lee et al. (2016)2 S7H4AS BHA] 244 AR & 7
sto] AAHALAlF Aol S7tAaaS A 4= s 7es Aok A5 AysEA 8], Kim (2013)
2 AR 189S Uls Ao E SHASS 0l 7IeS /sl eH (9], Jo (2013)= A HAE
9 MAS B3 A4S A31E A =319TH10]. Murphy and King (2016)2 ARIEE 4227 9
9 A Grlsto, FF 2g 5 ETEAQ &8 7S AASE (1], o= AvE
74 9 AN RYUEPsHE A97F S715HL Q. o] | AREE 7|HF A
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2. 012X Hig
2.1. SUA39 HEn £

SOl SIEAFT (2024) A20% A1l th=w, S-S Baolut He B, 3717
AHE o2 FEFHoA A &2 AulshH[12], AR §A o] met 7 7HA] o= v,
SEWET (2023)9] TEFH S50 WAt 7IEol Tk 13 A2xoM e Sa2 AT
A3 F7IAEg o R BH51L, olF 3 ot 71E e ' st Foyskal ATH5). F71AE &
=< A Y9 37152 6 AeEe £20l9, ARSE a2 349 Al w2t AFH T
SHAToE TR 5 Sk BT EE2 7R 247 vigel oA AY FEE o YEhs &%
o=, A2 S5t oA WA o] 32 viEuA ] Ajde] FFe How, LA
WES AA5Hd 238 HAAIZ 4 Aok T, FFSHES AlolA 2AY He P28 sty
S AT AolH, StaE B9 F2 9ol Frt. Table 1 SEXEF (2023)9] 53t4
271%9 7 Bl 30429 A dB FAE 17 Ee 58 549 57HaEE(Leq) T FHagte g
AP E, H1A5E(max)E 14 33] o1 715E 23814 71% veE 7HEEHbl.

Table 1. Criteria of Noise Between Floors

Criteria for noise [dB(A)]

Classification of noise

Day time (06:00~22:00) | Night time (22:00~06:00)

Equwalgnt noise 39 34
. . ) per min (Leq)
Direct impact noise ; -

The highest noise
57 52
level (Lmax)

Air transmission noise Equwalgnt noise 45 40

per bmin (Leq)

2.2. A NAIIE2 2R

2.2.1. HEZH| 7=

HIELRA] 7)&2 2 Ale 8843 12 HPAS Al x| 8 SRt vk 7 A=
AHE HHstole ko2 Wrdsta ik, Tdt S5 14 viEgi 9] shvhe] tigto ® &efjH 5t
59| 3% 37 WiRel B, AEEA, GAHRAE 52 B} GAISHE A A5t vigrze
A 9] H4& &0l 71&0|th. Kim et al. (2008)= &5A19] FFEES A 452 F7IkE A70lA
FAZt FALESEE, 5 A7 F24E A3 A S FEH, sHE S84 AlS7t 2o
W 5o Dol A o2 Yeht AFEE-33 584 Al 7He] 2 FE Aol 45 = ATH13l. M
un et al. (2014)= PVC ¥ vpdA|9F EVA A2 Q) vie v EE &-83t A A, F &7 BF T
HgE 4 7o) ghe 231 9= AL ERlstg .o, vid vzt Ay 3 2E & Eo tigh
AE B9l EHEe} AR E K uizt 299 GAs 727 S =0 HiE e 17 A
55 37H1171H, 250Hz ofste] AFat vigE 3-S5 Gt 02 Y 4= 92 St THTI. Pa
rk and Kim (2012)2 333 8a= £°017] HsiAe &89 FAE &2 g S =0l A
o] 71 &3tA ]l ¥Wgola= AL SYstaArH14l.
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5ol Utk v A S-S A oA S3510] 32 JAISH: 71&2A, |t 2~4dB A#o] 7Fs
otm vl Ag 54, 33 54, A $5 5 ot 29150 sl Az sol iyl AF
1 9199 71& E3} 7Fs31t) Kim et al. (2020)= B34 S-2A1S A|QJg A9 Al 340 A5k
S-27} 9lom, o] it /i F ol gk 9'1%7} Z18) Fol2ta stk T3t SeEH RS o
9 olF 5 YF 5 T2 A=A, 2E0] B IH HA s HA|of] AlFo] o HAA]
1, Az A5 GA B4 giy] &&4o] dra ~P"”‘EHISI
559 g A A1) o]of whE F7hAS A SI5IA 71 EugT g Y] E8F
Atz 71e4 SAE FESH] A, 7%, AL WS Btk Weto] HEE I viESZ
2 7| BA 0 R AL ZORA FSH v $7 7HRloA vzt SR 24|, A 52
WA o] A2 AgEc). vhdet BAR-91et Azt7140] YAG ol 7] oA B TS T4 0= A
Hotom 7k 3L FHETAS A% Y, AR 29, AA, 281 AlgHo| AR Aojsht BEAH o
2 A% 2ot &84 4= 9t

F2AE 2 F0l 253 A & e AR v3dE, #1159, 393 5ol dar Z
A= /44 8110 w2t o8 F354 ] 2o AR FSAEE Uil 743 371798 7t
71 Fe 9] oh3d 247} Eo] ARE 2 =T, o] 7|0l &gol] Tk uf A7} Ak By
7} 27] "otk Kim (2024)= S22 &8 oYA7} oHA| & HE=HA] o] F0]2| = F/Adol,
o|2|gt Ad 7Htsl FIAE AAE s F7IFHC1)Y EA 75, 59 T £, 249
U= 5o A @4ty Aottt 53] tha/d AAE 83t T34l T2 olA 3t
5 895 Holn, 79 FAY F7|50] T7ETE A T8 T st
Delany and Bazley (1970)°] ©}2H 2= 48] LA & A& oA updy) A5-S 59 4=
ASAA 235 F50ke 92 5HH(17], Kim (2013)2 1 dE]M’ £/ et o343, #xE3,
7102 BRSIATHII. Park (20062 T34 A= 3 1FoolM = 3t = 462
o] X|qt AFnolA= BIFF o, o]= AFuo|A YA —‘_v—%_’— 717} AojA Adgete] npo
o]57| HZo] otfA] &40 3—101 F3E50] HAAaste A= Ageta si3irH18].
Lee et al. (2016)°14+= & A58 F3A= 9] 37|, 54, Hate] 7+, 137 74 59 840 whet
&5 d50 EEkAH, ofar 7}‘31% TAFE Z50] Z dojuh 53 APt oA 1L, W9 37150
45 5350] gL gt 8. Song and Lee 2008)= 58718 S3A1<] thiEZ QI A o]
YEE= TH7I01AN AEEX 371 B4 Fuk MM T 281E S5k SAVL ol &=
o] Frh= Tgo] lrkar stHTH19L.
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_
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2.3. Eo| S 2H YEE
2.3.1. £5| HIO[E] O|3H
22 7 ] T #Alo] woR L A & E B2 94o] g wt, 5+
gk W13} o] 7k 2AJo] MIHSHA TSkl k. Chun et al. (2018)2 JtaE EAlE HHEAY
4ﬂﬁ”“8ﬂ_imTﬂ Aeu], ofo] ti-357] f1sh 5 L] A Y= &3] o] Fof
A3 Ak SHFEH20]. Han (2017)2 35799 $35 452 T 3432 AsH] fs) o
T 95 F2U 37152 L8 ButE TR 5 TR 71EA s o] A E L jlo, 2= o]

33t B3} 12 7]140] et BElE Ed)E o] 2rlel 2AET sttH21l.
Lee et al. (2018)2 71€4] X3t 35L& AAH 22 o|sfs}7] sfAl= 53] Hlolg ol tigt HS4<
£4o] B4Hold, 53 et 7le 55 92 "olA, 9 71e9] A7IER&D) B, A4
& 7678, 1A FF 71e T WA o £ e Fojuid HRE ZstaL glor] £

el Yol A ThF

O D:O nlo O
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5329 9 5355 EAE, Ve 535 B2, 7I9E UEAT BY 52 e Weke fEE 4

Iy @A S3ae A7IeC] e A7 F2 54 FIoly 24133 SHCE JPH

A7 v FEIE Ao, o]of w2 A= 53 HlolE
£ AR SET AR Ve I 7Ied 9 78 55 52 2HACEA, ST Ve 2ok T
A 73S Asiar v A+ B 7leriEe LS AAIStaAL e

2.3.2. £5| HO|E| Skt 2

(o

=3 loleli @A 714 S8 vle) 714 A P Toleks o £8o] B vt Aug A3E
o} 53129 9 535S EUE, 7% Bobo] 53] WE € 7|95 24 So] Eger 9, 5

L melsto] ulF] 7|eA1F ol 2 R&D et S ATehs Hhol
M= 424 (Tree Method)z} Auto] i (Waever, 1971) 52 A4 dhu}H23], ET BX(Ag
ami et al. 2008), 551&Y H3 B4} T2 AFZH Q0 B4 wgo] da[24], 7|49 B4

A3l 7190lA ELg 5515 ERlsk= 1 5ol At 7192 AlE 2 A ko] 27| GARH 7]
& HSE B 0T B35 Yo, AN 7|&Ud4E SEgt ozt 9] 53] SH T 243t 3
A 7149 E51&Y tloHE BAsks A2 $o 29| 7|& W 5 &1, & o B3R ALY
Ak sk 2 T7olch

Lee (2018)9] Atoll= A= 43 HE HlolE] Ax|2lo] o|27]7H] E35] BA9] AA| Z7ge] tisiA]
478 5191 11[25], Jang and Cho (2021)2 E3184 & v @AIZ &5}l 561843 B9 R&D
WA 9 At IPEE, [PEE AERs 9T 4 Aot o519l m(26], 53] Hiojg 4 25 E
2 71& 2olof| tigt AN BF AA 2 87]& =5, AN O QY 5 B4 50|
Halohs S84 AAES =58 4 9t

olof £ =Rl E SAS A7 7|&Eokol tigt F9 =71 9 Key Players 9] 53] dlo]g] 24
< 53 T 7|&9) AT5FS Tt B 7|&S AR 4 e 3H7e FIURIAIE ot
FT SUAS ARE A v 24, A © HA| 724, 92 D F3 A 71& A A A 3

3. e

3.1. 17| 4

£ A7 20049 59 31258 20244 59 319744 ISR, 01, AL, 73, 3D 525
o grhsgot ot 5EEA ke SIS o BAL AT, BASHGEEA ge 5
NS B EHT ol g, AL ANAL AT SANA HA 714 BFE Aotk ] F8T

A52 %57 ghRolt), B3] AML Keywert 24 DBE F-a5}0] 534atgon], 2o 744
$ 9} Table 20 UeRgict.

Table 2. Scope of Patent Investigation

Category Country Search DB Analysis Sections
KIPO
Valid USPTo 2004.05.31
Patent JPO keywert DB 2024.06.31.
EPO
CNIPA
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Al
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WOl IP5(E, 1, U, 99, S sigon, A4 77k 53] £471300] 2084

3o 2004 59 31938 20244 5931972 A4ei%c

Moz 29 % 14 67120l AUoF AL, 2023 0% S3124T F9oe 2]
A1)} Thso] of2] BAE|R] ghe Aol n e B8] HHEA thael Al Aefslirt.

okt Jm X
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&
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i

3 o
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3.2, 53| A

3.2.1. B2 ¥ XjgZ

B =RoAE 343 AR7Ie d471&R vig+2A| 71% (Floor structure), A4 4 HA| +

%A 71€ (Ceiling/Wall Structure), = 2 &2 44 7I4 7]& (Material Development) 22 &

Eslo] Z+ AA7|ed Vel 53 55 B4E Bl d6ldt) &5 59 E4E Ak 94 719

EEQFHIA, =8 ESPANE U R F7h 42, A 55 719E2 A 590, 74t
5O = ot 2ot o, 7IEE 9 ARFI sfFche 7Y GAETIE(H)E AREBH

71& Bopd R 9 7| E Frlolo] 4519 1, I FAESEF(IPC, International Patent
Classification )1 E04B(A% Yyt +28), E04F(A% vzt 2H), CO4BAHIE-ZFFE 5 F7]
AA), B32BES(HS) AR 52 F7H= FMsto] Hlo|8E 1 61%=1] Table 3°]4 Hi= vk}
Zo] vuigRA| 714(4,1087]), A 9 WA 24 714(3,8757), e U T3 24 7 714(1,0
237)9] raw data’} FEE U

&

Table 3. Patent Keyword Search Query by Category

Number of
Category Keyword Search Query -
TI((BZHE20 floor interlayer subfloor) near 5 (A2 0= ST} 42|
ZA XS XIF AMRE 24| 2|4 sound noise vibrat* impact)) AND (&2
XS X 22 Mo S5 =& 2 reduc* prevent® shield mininiz*
Floor structure 4,108

decreas* block control absor* damp*))) AND CLA:(7%= HIE O
INTERLAYER STRUCTURE bottom floor) AND MIPC:(E04B*
EQ4F*)

T1:((((BZt B20] floor interlayer) near 5 (A2 L0|X S0t A2| A &S
TS MRE 24| Z|A sound noise vibrat*)) AND (K2 X1t XHH| €= |
01 &2 &2 reduc® prevent* shield mininiz* decreas* block control 3,875
absor* damp*))) AND CLA:(FE ME &Y BH| M 2O 14 mE|M
WALL ceil roof panel partition) AND MIPC:(E04B* EQ4F¥)

TI:(((BZ 220 floor interlayer) near 5 (A2 L0|X St A2| 4 EHS
TIs AIRE 2t 2|2 sound noise vibrat*)) AND (X2t XITH X €= K|
0] E4= ZA reduc* prevent* shield mininiz* decreas* block control
absor*))) AND CLA:((Z4= 29 building construction architecture) 1,023
AND (M THE RIS* U2* S3* WA S22 Mg T2} LA 1%
Z2|RYEF MAXH composite polymer material soundproof fabric
nano nonwoven)) AND MIPC:(EO4B* EO4F* CO4B* B32B* D04H*)

Ceiling/Wall
Structure

Material
Development

£5]714 Landscaped oA ZAFA 27191 GHKIPO), HIHUSPTO), SE(GPO), $H(EPO)
39 FHCNIPAS B2 30 F7bE 9 45714 714708 @38 S5t B3 29 5
o} SAES|S0] W3} Folg TRPAR BAslo] B3] 7149 A4 UAS skttt

1) 54 714 Hobo] 53 Aug AAdon 4+ B0 Y1 5T 52 AdH 29
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T2 SN RAL 555U B2 /49 7192 SAHCE 714 B 4 94 7|& Eof, 29 A

£ TPt AR S A7le 42 4 AR 71EE 2 OS-Matrix 45 st3on, 539
AIX 9] 7ol 288 71a<] sS4 (Objectives)¥t s HSolutions) w451, E3{H°]
g 71%9] 71& N9 A9 BASH Sbs A7 4 ARVIeE 39, 23}, 34

ol 7ol 2 AN WIS AAISE

>

i g FL

A, 856 M4 71E 3 2t

Ao AN 71YEst #H IPC I=F 2301 58] G 13302 £33 &, F1e
89KClaims and Abstract)e 32 HESI S7H4AS A7 AZ7|e7 AP o2 AHH Eojvt
AEsigct. 219 AEE 59 7] ko|2 ]S SR AASIG T A7 ez A
T HClaims)¥} 8K Abstract) W8-S A AESI AAR S4AS A AF7ed APFo=
FHo] Q&= EF(A): ASZ BE, 7|ARR], I 28 2R 5)2 A5} E3t EEYn
E3550] FEE Aol 5258 Avte 971, 5 I tigt siHE] S5 giE 53 14
TS BN 5512 Attt ok, il S5]oA B 7T 5, Wl i, A8 5 4
o] AFAR ARE TFHOE 1} 7|&H 02 AF| o] w2 559 HF BAYgC
2 ZAFo XN, dlolE 9] FegTt 4] A= Rt

B Aol BAY E6] A A3 F3,33579) 55535 € 3/E Yo SEEA] %2 E3](o]s)
‘GRESY 2 h7t AEEQloH, ZPE SR ESSE A E W Table 49 2] 31,3474,
o= 25074, Q& 1084, 94 284, 5= 1,602 2 F&F Yt

N

4l

i

flo %2 rjw

Table 4. Number of Valid Patents by Major Country

Country Number of Valid Patent
KIPO 1,347
USPTO 250
JPO 108
EPO 28
CNIPA 1,602
Total 3,335

AR71eE RRS35E AW EH Table 5 % Figure 201419} o] vig-24] 1,5007, 48 2 ¥

Table 5. Number of Valid Patents by Sub—Technologies

Category Number of Valid Patent
Floor structure 1,500
Ceiling/Wall Structure 1,248
Material Development 587
Total 3,335

2) SAEE LATIA S Flenoket AP0 Belo] 9, AAR el Wb A5 53
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4.2. E5{7|& Landscape £A1Z1}
421. 39 I271H Ar'H SRSE

AT FRHKIPO), U1FHUSPTO), YE(PO), SH(EPO), SH(CNIPA) 59 A= 53] 5L

AZO

A0l 7]& AT St F7PE 53] FF9| s} Fol2 v RN T 71& £5L
EEMERECT Y
%EEOI FZ ARdoA HE AEE E51E 7S J7ME, AR S Aled BE &
E35]42 Table 69 Uit
Table 6. Number of Valid Patents by Year by Major Country
Country|’04 (’05 (’06 | '07 [’08 |’09 |’10 |’11 |’12|’13|’14|’15|’16|’17 |’18 |’19|’20 | 21 | '22
KIPO [ 38 |54 |56 |66 |52 |50 |48 |61 |73[106(103|85 |81 |76 |92 |85 |95 |89 |37
USPTO |17 20| 8 | 9 |17 |25 |23 (19|14 |16 |17 |15 | 6 | 9 519|119 1
JPO [10(10| 6 | O |10 | 1 4 |7 714173 10| 5
EPO 0| 4 O|l0]O0]O0]O0]2]|1 312 1 511
CNIPA| 4 | 9 (11| 9 [ 1712 |11 |33 |41 |54 |96 |126] 99 |162|221 163|199 (208|127

Sag A€ 78 3718 59 532 Figure 1014 A3 EH 22 109

= =2 20009 S 71 94l 27] dARIAM 53 859 FAIE B

o
L = =
loz 55 50| 44513 5108, 5] 20104 I 3l FrAoR 53 E%cn A7 9

A FED] S A7Ie B FASS 75718 ‘2111“} o= %;531—’%7} T

glom, vmA e 7 WEoh tErd 9179 A% JH U8 S7048S
Wagsto] el 714] g 55 5] WA g A0 el v 7| dE

A=

H

KIPO USPTO

EPO === JPO

150

100

50

Number of Published or Granted Patent

Publication Year

Figure 1. Analysis of Yearly Valid Patentst Application Trends by Major Countries

O
7led BdE olvA] &8, AntE F 7] 50 $HS T Y Aos ddE

o

EA7ddiA ez A4

RIARHAH

201099 $4 82 @ 32 07 2743 A& RSN 328 S8 of
27042 B AL gIsio] AROIE 20144 FEFE R AL AT 72 AHY1E 9 5L
44
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f

R ASHS AL, S22 201090 FHE o] FET TAISI} 115 o[ E Q] EH4FO 2 QIS
TGO M2E TA| A4 ZAR 52 5B & gt i 7 ZH 9 A5 1A A3kt #=o] Ql=A

wotEth VP8 AR5 ARE&S AT EYH 0] 46%, g=0] 41%, 1l=o] 8%, P20] 4%,
Ho] 1%E A1 tt. A= Figure 20 YERHA

0|

ol

)

Jo

CNIPA,
161571,

EPO, 3071, 1%

Figure 2. Share of Valid Patent by Major Countries

Sae AR71eS BY, = R F50] 3 7IERorl A fAXE AL e Ae ¢
& k. =2 oAl 58 5l ol E 9] vl go] - ot StAS AT 2 ARSI A 25 o= A
AL low, ojof w2t ALl B 7|4E9) 7Iesido] s, ol Ra53 AfE&Cl B =
Ztoll Hl8f 2 A 02 YePdT 52 &5 AR 7]E, s A4 24 e, A0tE 25 71e SolA
AEARl 7E8 e B3kl s A0 YEpt o, £2 34 £33 AFu} &g 24& Fal o}
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Area of Sound Absorption and Sound Insulation Material Development Technology
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