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Abstract

Sound is intricately woven into our daily lives, exerting a profound influence
on the comfort of our environment. There are research dedicated to designing
sound for the purpose of enhancing comfort. Examples of such research include
the design of sounds for mechanical products like automobiles, the development
of alert signals to evoke attention in emergency situations,and the broader field
of sound environment design, encompassing the intentional shaping of acoustic
environments. The aim of sound environment design is to create environments
with acoustics that are more comfortable than those found in reality. Beyond
sound environment design, there is also research to design environments. Exam-
ples include research in light environment design, focusing on creating pleasant
lighting environments, as well as color environment design, aimed at designing en-
vironments with pleasing color schemes. In light environment design, illumination
level for safety and pleasantness are quantified and systematized based on fac-
tors such as illuminance, brightness, and color temperature. In color environment
design, the Color Harmony Theory quantifies and systematizes the emphasis or
harmony between elements through the contrast of C colors in the Munsell color
system, providing a numerical framework for understanding their mutual interac-
tions. In sound environment design as well, the design of acoustic environments
can be achieved by considering factors such as sound pressure level and frequency.
However, while effective in removing unpleasant sounds, it may not necessarily
contribute to the addition of new sounds in sound environment design.

The objective of this study is to investigate the feasibility of representing both
pleasantness and unpleasantness on a single axis. If it proves possible to repre-
sent both pleasantness and unpleasantness on a single axis, it is conceivable that
this could be beneficial not only in removing noisy sounds but also in aiding the
addition of new sounds in sound environment design.

To investigate the feasibility of representing both pleasantness and unpleasant-
ness on a single axis, the first step involves confirming the effectiveness of a model
for calculating sensory pleasantness. Subsequently, the consideration will extend
to whether the same model can be used to explain sensory unpleasantness as well.
Finally, based on the obtained results, the study will reflect on whether it is pos-
sible to represent both sensory pleasantness and unpleasantness on a single axis.
The model utilized in this study is the Aures model for sensory pleasantness. The
Aures model is capable of calculating sensory pleasantness based on roughness,
sharpness, tonality, and loudness. Artificial sounds will be employed in the ex-
periments. The assessment was carried out through Thurstone‘s method of paired
comparison. Two experiments were conducted, one focusing on pleasantness and
the other on unpleasantness. The correlation between experiments results and



Aures model result was investigated.

The correlation between the experiment about pleasantness and the results of the
Aures model was 0.2346. The correlation between the experiment about unpleas-
antness and the results of the Aures model was —0.2142. The observed decrease in
correlation may be attributed to differences in the impact of roughness, sharpness,
tonality, and loudness on sensory pleasantness compared to the findings in the
Aures study. In the Aures model of sensory pleasantness, an increase in rough-
ness, sharpness, and loudness is associated with a decrease in sensory pleasantness,
while an increase in tonality is associated with an increase in sensory pleasantness.
The results of the experiment showed little difference in sensory pleasantness be-
tween pure tones and bandpass noise, and the bandpass noise was not perceived
as unpleasant. However, the Aures model evaluated bandpass noise as unpleasant.
However, given that sensory pleasantness is known to be influenced by roughness,
sharpness, tonality, and loudness in previous studies, it is conceivable that improv-
ing the correlation may be achieved by investigating the specific impact of each
factor on sensory pleasantness and adjusting the parameters of the Aures model
accordingly.

The correlation between the experiments about pleasantness and experiments
about unpleasantness was —0.9542. From the aforementioned observations, al-
though there was a low correlation between the Aures model and the experimental
results, it is conceivable that sensory pleasantness and unpleasantness can be rep-
resented on a single axis.



=N

B1E
1.1
1.2
1.3
1.4

B28E
2.1
2.2
2.3
2.4
2.5

E3E

B4a4E
4.1

4.2

EH5E

EU®DIT ..
BRZEDTER . . .
0] = I
RSCHERK . ...

REERA T

BEEAMEEEEE . . .
BOWRIOFM . . .
BEORMRIOFM . ..
Aures DEEMHRIDETIV . . . ...
RIRERL . . .

REDFBE

Rl

ERR X OFEMSEER . . ..
411 FEBRRIE . ..o
4.1.2 FEBRHEE ..
413 FEERSINE ... ..
414 SEEREEE ...
415 FEEBREER ..
41.6 B
EEATHR S R X DFMMEER . . ...
421 FEERRIE . . ...
422 FEEBHEE ...
423 ZFEERSHINE ...
424 FEEBREEE .
425 SEEREEE ...

4.2.6 = S

EFEE

11
11
11
12
15
15
16
23
24
24
24
24
25
25
29

30



FE6E Him 32

6.1 HHODIT LI Y 32
6.2 FREXNZEE ..., 33
SHEF 34

BE R 35



X B R

1.1 BOEDODOEEE . . . .. 2
1.2 BRSCMERN . . . . . 5
3.1 ARBFFEDAEE ..o 10
41 FEERTHWEGUL. . .. 13
4.2 FEBBRBOWWSEK . .. .., 14
4.3 BERRXOEREER ... 20
44 BT DORBEAPRXOREBIER . 21
4.5 Aures DIEFARXDET L EEWRXOMER~EE .. .. .. .. 22
4.6 EERR RXOFEBRMER . ... 26
4.7 FHEZeDREARS REOERMER ... 27
4.8 Aures DIEHAVRZXDET I EEWP L X OMHBEREG%R . . . . .. 28

5.1 RERRX e R oMBEREGR ... 31



=B R

4.1
4.2
4.3
4.4
4.5
4.6
4.7

FEEROSM: . . 12
M OEBRREORIGR . 17
[SHIEMEE OFEBRIBONINR 18
FEERRROSINGE . . . 19
FEBORIGR . . . 19
BFOREZIOMIGER . . . 19
Aures OWFZEY OMER . . . . . 23



B1E Fom

1.1 ILC®IC

BN L7z 20BN BRHEEEIRELS DI T=E=20HTE 2 EDIT
W3 (12 BOKREZ, HBOEE, BEOILTHHEFEO=ERLITIN TV
3], BO=EHEDSH, BORKZILHFEOEHIIE—XKTHREETH S 4. HD
RKEXZ, TREVW—NXWV] PWSRETRHETE S, 0531, IEH—EKW»)
EWVWIHODBENMETRIEATE 2. ZUSH LT, B, ZXTRMEETH 5.
v, W\od, By, PRIZERAZRETRETE 5. H561F, JISITXn,
BERIChb 2 EOBFOWHED—DOT, 2EDOREXBIOEHINHICELL T
b, TO2EDELR-TBELEEZ2 %, TOMEBICHYT2HHE) ERI
NTn3 3. Bar5Hc, BE2rH%. CE03RUERKOME L LT
ZoNDBZeNZVH, BFHEEORLELD LS, MEHKETEZEATY
% [1].

BEYWHNAE? A2, BEE, SReVoYHETHETEZS. Zh
FTEEBLOHZOHTCIE, ANHOBEZEUEL L 2 0HE & HEOYHE 2R
DU BMMEDBE {ATONTE 7 [4]. BEZIHMAT 256, FMlESE L Liky
OYIHENH VSRS [5]. TR L~V S ICH T 2 BRI IR I
TW5 (6], SRS LU, BEE IS 2 B8RS 222 e BBLRNIGL,
BEE NS 2 DB NIGE RAED 2 DICE e AR INTWS 5. —H, S
LAV ZE—EE LTH—EE L WCE T 2 B0 R X OB 21T - 7255
Db, REOMER, BELNADPELLTD, DENARENRLR S Z AR
XN [7. ZoHE, MHETOFED A TIEA 2T, OLEETOFMIHE
12725 [4]. IELDHEEZFHMTCEAE, b bOBBIGEVWEOFS TR, &
DOHIRFHERE 7Y A Y ITHHTE 5.
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1.2 HREOE=R

BB OAETBITR IOV T WS, Z O EBIIBRE O PRI K & g
522 (8], PHEICT 2720108 % T A T BMFLCIE, BRSO ED T A
VRVA VEDTYA v, REEEOMENBRERE TV A V0D 5 [9][10].
BREBOED T A Y OMIEe LT, BMEG»5RELNEZ M REEOH®
BtHdH 2 [11]. A4 YEOTHA YO LT, BRRNERZWE 3 2 WA
BORETHH 5 [12).

BRETHA VN, FRICEIDRVWERELZ D222 HNE LTWS [13].
—RANC T A Y e WS BEIDZMINT 2 2 e 2EBEKT 5 L5 I2ZIFMsh
B0, BERETHA VIZBOWTEEZMMT 21300 TR, HIFR - BIED 20
BEHTZE VWS b aFEND (13 ERETHA VBT 2058 LT, 1998
FIRARA =TV UIEERS - 2T P YARTAKET —ARTAMNI T VT
XIEGOBEBREE T A ¥ LN D % [13]. Ml REHEFED BlEGHRIC X 3
T —MFRETH L. AEOMR, FHBEIZE/MD) 52T RN KD BAifiz
HINZZEL L TWS Z e DHEZ 72 [13]

BERETY A YUANORE TV A VICHRE T A VR BERE T A V03D
% [14]. BEBRETYA VKX, vV EAREREVIDOILIFEL, CED
SEHIC X > THED Y D X 51, H2WIEHRMEh 200, GFHRMMERL
U CEUE L - AR IbS LT3 [15]. SEIRETH A > T, doILe LT, WE,
B, AIREREDEEL, KRMECHRENE D 0 REEEIBE - KR
XNTWVW3 [14].

—7, EERETYA VT, dOILE LTEE LNV EERR SR ET
B0, Zbid, BEEGIEZR EARREZEI DR DIIFEIL-> TS, HHicH
IS 2 BRI T 720 [14].

1.3 EOEM

AFFE T, HEMEEE AW, BEMRX 2 EERRL X %2 —licE
DT TEZHDEZFABT I 2HMNE Lz, AFETIE, BRENRXOETIL
DEMMEEZERL, FACETFTLEHOTERERR L 2 X Z25HliT & 2 0855 5.
CDETANELL EORIEZFMTE 27251, ZOHDOFEDH L 72 X &3
TEZ20b L. Zhnild, FEIREHREZHIERERED T4 =, HimE
MOERTEREZ 5 Z 2 EZDOTHA V2T 3-00BELRMA LD, Puliic
3 FEREOFEFICHIFTE 3 [16).

FHMHEEE 2 O CFHiT 2 2 L THUEL T 2 2 e 3T %, & L—HiTEK
DI TELZROIIERET 2T D, BETFA Y TORMREEWMD R 72
JTHL, FiCEERRINT 2B IO LLW.,
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X 1.2 ICAHX DM 2 RT. FETIERD ISR ehibRsN 3

B1E

T T2 HEEY, BERERBEOREDDOED T A IZOWTHHL, A
FROBHNZFHHT 5.

£2E

HHAMITERE, RS OFHiiE & AR E OFHIECE S 25t e a3 5.

E3EF
ENTIFROYs] SN

BaE

AHMSEERC & D BERRE B X CEERS 2OV T#HERD 5. Z0D1R,
JFonMEReBENRDET L OMHBEBEGRZHNS.

EHE

AT TORERMRES LR RS OEBIGERE KA D a & 7+ ORE
WBREMmML 5.

FE6E
RFFETHL IR 5722 8 LR ENZEICOWTIHRR 2.
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F28 FEHERAZE

2.1 BEFMEFER

BEICHE T 205t LT, BEMMETEED D 5 [17). HEHAHEE, HHROEWE
BRI OYHEE e NS T, BLELOHK S ZHTEiT 2 Z & TH 5 [18].

BEOREXZXERT IV PR ADH M IEsone (Y=Y idy) THD. HELNR
U3 40 dB TERELH 1 kHz DM DK = X% 1 sone L EH/ENS [19].

N:/O " N'(z)dz [sone] (2.1)

ZZT, N()FENFHI DI Y R X, 2 3ERTEFESTH L. THELAN
L DIEDIT B IR, JRIRENC DIRTFET % [4].

BOHX 2RIy — R ADHNMNIZacum (T Fa2—Lidr) THD. BT
LAULA 60 dB T, 1 kHz ZHULJEREL L 3 2 BRSEAiE OB s o > v —
T A% 1 acum L ERI NS [4].

Jo " N'(2)g'(2)
§=0.11 24Bark
Is N'(2)dz

[acum] (2.2)

ZIZT, g2) 3 Yy —TARADEAZRKT. BSOREEIE, TOZXLF-0E
352 2AXR7 PV ETOEGFTE, ZOHMIBIF 2 3L F—DRKZ XIKFET
% [4].

BEOHIERT T 7 2 RADOHA [T asper (7 A=k idr) THD. HELNIL
D60 dB, KT A 1 kHz, ZFAJEIRED 70 Hz, ZHRED 1 ORIEL TS
DT 73 A% 1 asper LIEFRI NS [4].

24Bark
R = O.Bfmod/ AL(z)dz [asper] (2.3)
0

Z T, frod FEFEFE, ALZEREEIDHEEL LD ADE, 21X
ERHBEESTH 2. ZHEDN 1ISEWVIEE T REL 2D, HED
BEPZTAE DO BRICLHAIT 2 Z e BF S5 TV [4].

773 R, 7V RARDOKHEZEZE»SBHINATWE D, KEERTER
ENTY RARETIADBHETH 5. BILSDIHKTIX, BRI 42NV
ZRALZ 7Y KX RETAEMEL 7= [20][21].
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2.2 BDIRS D

HORZ OFHMICB S 2501, MRS OB ORELis CHERCE ORI H
DEZEDOTHA VHHIN TV [11]. HEMEST2 Z ik, Mm-S
HENHOHENE 2 7Y A V3 2WRIEIHESFET 5. PEERHES a Lo ®
FIZOWT, BEL NV HEEOWME TOMRDHANEETH 2 LRL 7 [22].
S OB EOREBIZOWVWTONE T, BEORMET Na — FLE 22
T, EEBBDOARY MU ZRBZIE2 2 e EE LV e iRE Lz 23], A
DT TIE, FHBEOHENGOWENE L 7 7 3 T EERBEFRID 5 LR L.
HWE I AR TEIZOVE T, WEOLREIFRSERLRE L WHHIRIZR 2729,
BOPEME R A EXE 5720121, HE ORI LR Lz [24].

2.3 BODARRS DT

FORRX ZHYNCH 2 Z e A TENUE, EEZATRPTVHRAIE O R Y
S aVASN

R 501%, NHRERIGORINER2 52 2 BENEEERE L. Z0E, ©
PREAE D FEFHNIE 5 7 DR © I RIEARRE DG L Twab Z & 2
S LT, BRED OGO ER Y, RRFEAE I D IR DA Pk
WEBT 5 Z L pvRENT [25).

B RREIEZ S AT S H OTERBICEET 328 TlE, B FREBIBIC K-
T, HORILEITHRLFHEID ZHHERS NIz, [26]

A EOHE © Y E#HE ORISR 2L CTlE, BB D E W E
WEFLTWEE, ZHBEBEER D PMENMIBICEF L TWAELRRRLIEL S
N3 BEHSM LT [12).

BELE, A— IS DHAEFIINTE2 794 X —LIETA X —DERDENE
FAEL. HEOMRE, E74 X—EHEEVREIVIEFEY, FPEEET % D
LT, 74 X —13BE L MUKOBRIZABTIXRWZ RSN 2Dzt
MHIAR—LIETA X —I12IE, F— I L OHERF I L TEBDOEVDR S
N7z [27). F/z, BEE OGN BEOGREFANSHIETIE, R
WEEEPEL BB ONTARICKRZD, ROETHEENEL RBIZONTR
L R B EANA ST [8)].



2.4 AuresDREEHRIDETIL

RO S, BORENRIIEZ I IAR, Py =&, b FVT4, T
U RARDHELZT3ZeBFONTVS [28]. AureslE T 71 A, v —T %
R, FFUVT 4, TV RAANEENRICEOEELET 2r2HETLL
TRAEMRZZENT 22TV RRE L [29). BRI NET7 L EREDER
BAfRIZ 90 WA LD o7z, LRICZEDET NV EIRT.

W = 6_0'55Re_0'1135(1.24 . 6—2.2K)€—(0.023N)2 (2‘4)

R, S, K, NZZFhFNI 7R, ¥ —TFX, v FUT4, 9 FxRA%H
LTW3. ZTOETILATIETI IR, P¥Yy—TFR, 77 RXANKEL L BIE
CREMNIRZIEDL, P FUT A PRELRZIFEEENPRZIIIEMNT 5 [4].

2.5 RIER

BHMHEEEZH WS Z e T PORRISEWEDFHiATE 5. Lo, [
CHEETHFAM T2 EFTMCE > THINT 2 ENRR L DD 5 4. 77 P4
21X 1SO532 12 & W (L X TW3 [30]. 77 FRx AL DDIEEIZOWT S
B EEND.

e & ARE OFHIICDOWT, KEDIFFEDETRICOWTOWEX DEKRT
HoT, BENMKROLERM EICH L LBbNE. OFD, ZThSDKRERTE, T
REZIDRS &2, PMRREZ XD EICT 2 L VWO EZHFIZHEIVTWS [8].

Aures DETMIEENREZRBLFHMETE 2 Z e H 5N TWS [29]. LaL,
ZOETNAEFAALT, BRENREDORINCH 2 PRI ZHHTE 20 £ Tl
B STV,



E3IFE MMEDOHE

AWZETIE, HRGERDZDHI1Z, K 3.1 1R LA TR ZED 5.

ARE IO W TREMYE R HIE C— 0 ELiik & FEE R EIR 21T o 1503 &
% (7). FERE, —REEE  FEEREE T, FIE T 2 AR X DOIEF T —
BUTD, FFEREBETIHREORRIEFRICX RN KEL TN T, o
THiiZ1TE S & LT, FFEREEEHWEERTIE, FEREICER ORI © BE
MEGE, HEEIIRNICERLAT MR L LS e T 2MHAEDD, Bohik
FERIIMIMETH 2 L WHO X2 28R WIERE Ro 7. Z4huaxt L, —xfHelik
T, HIWAHEERINCA S TEEE D S [31). 2D EE, —3htEgkik
2T 5.

EERHEE, Aures DE TN DRIEFENRE R X ORRERET 2 0% TN
% 72912, Aures DFFE [29] L RIS A THRE 2 EHT 5.

FPIRBEAR ST OVT EEREAR S R SOV TD 2 DDHHEGEER 21T 5.
EFFRIREZR L T, FEESIMEDOFEDIIERENRX DERZIT - L RITEEN
PR ZIDERBRZITY, I PTIXBRENHR RS DEBRZIT - FRITRE PR
TWOWTOEBEEITS. EFRER»S, BENHX 2 EEHL X %Rz
HAET 5. RBICEENHRS EEEARS RS Z—HTEKDOTTZ 202 EE
5.



RENREIDETLVLOEMEZ2HRT S

l

AuresDETIVICE ARERBEHIARRZ D
SREANIEEE DRI T B

l

RENRS L RRSDERZHRAET S

l

RENRS ETRES Z2—WTE%RDIIITESD
ZERT D

3.1: AW DTTHE
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F4EF FHMERER

AR TIX, =R b rO—wfgRic L b, BENHRX 2 EREAHRL XD
fEskeD 2. BEEEEIC X > TIE SR Y, Aures DEEMR X DETILDOME
BB ZFANS Z 2T, BRENRXOEFTLOEMMZ2HERL T, AICLETLE
FIWTREER S 72 X 2 FH-liC = 2 G515 5.

4.1 RERIRE OFFERER

COFERTIE, BEMNRIIZOWTOMZRD S I 2HNE L. BEHTEER
2 & o TR 5 2 RIFHE DR EHREE & R AR X D 7 AHE M L 72(E & DR
EfRzHNS 22T, RENRZDETLVOEIMNEZTANS.

4.1.1 BRI

Aures DEFNMET 7R R, v —F2A, FFUT 4, 57 F2RE2HAEK
ELMARETVTHRINTVS., BFEENEENRIICEOEEZE S 2 b
EHNRZ D1, NTHREEFEHRT 2. £ 41ICHERT2H50MO&EE2RT.
RS 2 EREDOEME, 77 FXARICEO 2542 LT 2 sone & 14 sone D 2
M, 773 RED LM UTIRIBZOZHFE 0, 0.5, 1.0D35M, b
F VT 4 1B 25 UTHGETISHIE & TFIE0E 1 kHz O IRHIBHES © 2 54,
¥y =T RIZED B5EME UTHIDEBEE 500 Hz, 1kHz, 2 kHz, 4kHz, 8
kHz @ 5 =MD EFH 60 HEET D 5.

HHIBOIRE AR X AR X I ER 5 2 ARt tEfi s hTn
578, FEERIBIITXT1IRITH —T 5 [32].

11



K 4.1 FEERI DS

77 RA R 2, 14 sone

22 0,0.5, 1
ji18e3]4 FRD R TR
LN 0.5 kHz, 1 kHz, 2 kHz, 4 kHz, 8 kHz

[RETEMES 0.5 kHe, 1 kHz, 2 kHz, 4 kHz, 8 kHz

4.1.2 EEAHE

ZOEBETIX, BREMNRZICOVWTORENERZITS. AEEI—Xro—
WHEGER R L. EBRSINEICZ, 22005 2HEHANTRINICHE IR H
CHBOBEINEETELLDED DRI D RIEE EIRE B, K 4.112
EECHH L7z GUL Z2RT. EBRIIRIOED 1 BEHEEXIRT, 0.8WBD
RIEEERIDI D D, H%OED 1 BEEEINS. EBRSNENEE T 5 & ROFH
MREEXNS.

HERHIILH 60 FHD 272D, ZIHh5 2 0% BIMMAEDLEOEIZ 1770 TH
5. ZOFEBTIE3HIZTIT1IHYEZD 600 BOLEEIT-72. 72, 150 [FlD
4TS & 212 10 77 OREERA R 2 HL S 172, 150 [ LEER I 20 2 e 15 59
HiteTH - 7=.

12



4 MATLAB App - O

3/150
RLBEUTZEZIEATLSIZEL)
“FEDE

BrOE

next

4.1: EERTHW GUI

13



Br

PC

AMP
e ~y Rl
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4.1.3 EHEEBINE

KBTI REBE 128 (BHES %, L4 5) 5B LT-. EFMREEERL T,
MEDEBZTo TR BRI DEBEITHI IN—T, W RIDEBHEZIT-
RIS DEREITS L —TD2 7N —FI T o). 20k, KE
BRCIXHERNCRICHEHRZIT > TR WIIL—T HENIPRL X I2oWTH
MOEBRE T/ NV —T D27V —FTHEMLT-.

4.1.4 REEE

FEERIEENTERL . FHIBMOERICE, Ny FR> (SENNHEISER
HDA 200) ¥ 7 > 7 (audio-technica Stereo Headphone Amplifier AT-HA21) %
FE L. fEoR-§#E PC (Windowsll) Eo Y 7+ =7 (Mathworks
MATLAB R2023b) TiTbfiz. T 52HFHEDA Y - F 7B AEHARIZK SR
Wk, BEEREFORMZ R —7TH/RLE. LB EXD B REDHOD
REfEZ 22 01 TH 5. K 4.2 ICEBRERBEOBIKRX Z/RT.

Aures DIEEMPRXDET VL, F7XR, ¥ —FFR, v FVUT4, UK
AT ZEHT 3. 200 DIEEOE ISR TIX, SQAT W15
A =7y —2%FHT 3 [33]. SQAT X, MATLABRII DA —7F >y —2A&5H
DY —IVRy FATH 5 [?]. EE 77 AW L TRE»DIEHERENEE D
MiDSAIRET, EIRMED & 2 FEMGEL, WIIARAEZ BT 40— N EHE 7 >
ALBHIMXNTS. SQATIF, MATLAB 2 —H—Ii2 & o TR TEEE DS
WEEFHEY — 1 TH B.

15



4.1.5 HERER

X 4.3 ITEENRIICOVWTOEBFERZ RS, ME ORI Oxtx #
4.2, 2% 4.3 1IN HVIEHES O SERRFI & XIS R RS, A L R o AR T R R
T, 0L B THRY. EDEICKEL R 21ZEPRL T, ADMHEICHK 21Z
LBV EWS Z e BRLTWS., K 441K I TR E RS, S5
DIER? S, 77 F A RADNDEENFE UGEE, 77 FAR ANV HRN
e RENT. BFRELUNOSAEF UGHEE, EARINEIEFEI/ N W
MRRPVNKEREIBRVE WS ZeREINz. F v ) 7UNDOKREDFE T
BEX, MBECTHIRFEMEE THRIICKERENRZ VW AR INT. K
DA DEEDFEI TG E, 14 sone DAIETIE, SkHz DEHRDPL LT, A
HIBHEE TlX, 500 Hz DEDPR DI BV WO KRR - 72

X 4.5 1ZEEAPRZ 12OV T DOEEBFER L Aures DETLVORERE /RS, Htdhd
EFNDOFERT, MEHAFEEEERIC X - TE S - HIEME O Rt 5 2. Hitdh
DIENKEL 7251FY, BEARZDOEFLTHRWVWEFHMEL TWT, EWIZEP-
BRWVWEETADTMEL TS, #lE, K43 2FUTHS. Aures DEFILE
PEHVFEER DFE R © OMHBIRIRIX 0.2346 T, Aures DEBRDFER L D & 2272 b KW,

16



K 4.2: ME DORBFARF DR ICFE

SRR A=Al
xR EHME S RNRX JHBEE | 972X Yx—TFXRAX +FUT
=y 0 2 500 Hz | 0.0005 0.6494 0.9862
=T 0 2 1 kHz | 0.0005 1.0278 0.9935
= 0 2 2 kHz | 0.0004 1.5470 0.9367
=T 0 2 4 kHz | 0.0003 2.8726 0.8192
=y 0 2 8 kHz | 0.0003 6.5949 0.0000
=T 0 14 500 Hz | 0.0012 0.6494 0.9972
=y 0 14 1 kHz | 0.0013 1.0278 1.0034
=T 0 14 2 kHz | 0.0009 1.5470 0.9459
=y 0 14 4kHz | 0.0006 2.8726 0.8281
=T 0 14 8 kHz | 0.0006 6.5949 0.0000
=y 0.5 2 500 Hz | 0.2513 0.6349 0.7877
= 0.5 2 1kHz | 0.3632 1.0237 0.7676
=y 0.5 2 2kHz | 0.1684 1.5438 0.6913
=T 0.5 2 4 kHz | 0.0980 2.8698 0.5678
=y 0.5 2 8 kHz | 0.0671 6.5889 0.0000
= 0.5 14 500 Hz | 0.4589 0.6350 0.7000
=y 0.5 14 1 kHz | 0.6940 1.0235 0.7057
=T 0.5 14 2kHz | 0.3512 1.5435 0.6412
= 0.5 14 4kHz | 0.1855 2.8698 0.5349
= 0.5 14 8 kHz | 0.1407 6.5932 0.0000
= 1 2 500 Hz | 0.3036 0.6343 0.3939
=T 1 2 1 kHz | 0.7568 1.0209 0.6303
= 1 2 2 kHz | 0.5697 1.5431 0.5190
= 1 2 4 kHz | 0.4354 2.8650 0.3735
=7 1 2 8 kHz | 0.3205 6.6075 0.0000
=T 1 14 500 Hz | 1.1041 0.6343 0.5689
=7 1 14 1 kHz | 1.4827 1.0214 0.5663
= 1 14 2kHz | 1.0754 1.5428 0.4744
=y 1 14 4kHz | 0.7614 2.8606 0.3462
= 1 14 8 kHz | 0.6587 6.5649 0.0000
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& 4.3: [N
T IEE T O FEBRHIES D X R

WEE AW ES L
CEREE 0 7Y K3

e = 0 Z‘X }El?&n ﬁfgé
TN 3 A 0 2 0 Bl o27%& yEAﬁﬁ
}i:ﬂ 0 H M _)(, — \\

o Vot | oosn 7RA VU7
S 2 Hz | 0.0311 0.6862 -
TR 0 2 2kHz | 0.02 0.9857 0263

i i 0 Akl .0253 1 0.0386
TS 2 z | 0.00 5400

i 0 8 kH 087 2 0.0192
INGes e 14 500 1. 0.0021 g 0.02
iR 14 SO0 0284 61739 iy
I3 0 14 L'kHz | 0.2112 0.6908 0.8000
TR0 ! 14 2kHz | 0.1793 09928 0. -
IR e iF=3 0 14 4 kHz 0.08 1.5454 1266

e 0.5 8 kH 0890 2 0.0396
[ IHE 0' 2 5 z | 0.0345 7830 0.0
[ -9 9 00 Hz | 0.13 6.1926 0225

e 0.5 1 kH 1304 0 0.0000
RHBRHEE 0 2 z | 017 0815
IR = ' 2 Hz | 0.1576 0-9814 0.0
IR 30% R 0.5 9 4 kHz 0.0911 15402 0. o
bl 2o B 000 27955 o

HE 05 500 Vol 0.0214
A 0. 14 | oot o6es 0.0
JIR:30 % %23 0.5 14 1 kHz 0.6070 0.6823 0'0000
[ S 05 14 2kHz | 0.5572 09845 0. -
G s R 0.5 14 4 kHz 0.3032 15508 0'0535
IR B ! 2 8kHz | 0.1914 27810 0'0246
A el B 6.1650 0000
LS X 2 L kHz | 0.8601 06503 0.OOOO
LA e ! 2 2kHz | 0.6798 0T 0'0321
e oo ! 2 4kHz | 0.408 1.5342 o
el 51 8 kH 4088 2 0.0201
IN e g st 14 z | 02 7725

R 1 500 2158 0.0138
INGieE i 14 Hz | 1.8703 0.1491 0.0
e 1 14 1 kHz | 2.0 0.6844 0000

R 1 2 k 0095 0.0367
[ 14 Hz | 1.72 9500

s ) 1k 1222 0.020

X Hz | 1 1.5367 3
4 g 0682 0.022

Kz | 0.6821 2.7865 0 :

61445 0098

0.0000
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R 4.4: RERIAOXIGR
ORI | ZRE | @

M 0 G

T 0.5

M 1 Pk
KA | 0 i

[N | 05 | U
NG oY 1 %

7 4.5: JEPFEE DN IHTR

B | JEEL
+ | 500 Hz
o | 1kHz
x | 2 kHz
/A | 4 kHz
V | 8 kHz

£ 4.6: HEORKEXDORILFE
KE | 7 FAH2R

7N 2 sone
N 14 sone
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4.3: EATHYER & D FERAG R
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Model Value

T
+
1 - -
o’ .
" +
08 A % )
+A
. A
06 o -
(o] A X
+ A
04 " -
o A
0

+ o % o +>< XA

0.2 A i
+ « AA * ox A
+ vV Wov“ v v.owW
0 1 1 1 1 1
-15 -1 -05 0 05 1

Stimulus Relative Distance

4.5: Aures DREFERIR E D€ 7L & EERIHR E OHHBIBI R
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3% 4.7 Aures DHIFE Y DAHE S

ENIE Aures Dfff5%
=Rl N5 60 FE%H N5 80 %
FERTTIE — X} PR A ~ 7 =F 2 — F#EEE
7 TR ADET IV Daniel & Weber D€ 7L Aures DE TV
=T ADET I DIN 45692:2009 v. Bismarck @€ 7 LV DIEIERK
FFUT 4 DETIN Aures DE T L Aures DE T L
79 RAXZADET I ISO 532-1:2017 Zwicker ‘s DETIL

4.1.6 E%E

Aures DEFE IR E DE TV & BEEUEGEER DS R OB RMERVWER & LT, K
HHRRZDETNVICHOWON B BRI SICE I 2ZERIELL B o
T2ZePEZoNS. Aures DIEFEIIREIDET LTI, 771X, ¥y —THXA,
T RARAZAPRKELRBZIEFEERIIEIFBD LT, P FUT A BREVIZEREIIE
3. LoL, BEEEBROMRTIE, PFUVTADBREVIEE M F U T 4 0/hX
WA IBHEE 2 HeE LT, hXcEE R o 7.

Z DIFEERX Aures DIFFE 2 SE I T o7z, 2 4.712 Aures DI DHHE R Z 7R
. HRENZOWTIE, Aures DIFFELERIC L5 R AT EFEFHLZ. Z8T
FIWZDOWTIE, Aures DI TIE—XTHEBIE TR DX 5720, v/ =
F a2 — NEEETITo TWD, ARIFETIE, BRENRIIZOVWTY I =F 12—
RHEETED & 2 I G-l 24T 5 FIEIEERSINE IC L o TR X 72720,
REEZ A7 D3 5 —RHEBIETIT o 72, Aures DIEFRHHRX2HHE T 2DICH WS
FBEIZOWT D, HOWAETARER 270, KL TIE Aures DE T L & FEhk
FEROHBEEBEROIEL Bo dEZI N 5.
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4.2 RRERIRLC BT OFHERER

COEBRTIX, BRENMRLZRIIICOVWTOMEZRD 2 Z e ZHNE Lz, B
FBUC X o TR 540 2 RIBHE O MR EREE & TR R S D € 7L DGR 0 AH BB £
ZiNR5 T, BRENRSDETFATREENRLS 2 S Z2F7HET Z 2 0855 5.

4.2.1 HERRE

Aures DETNMEI T T7H A, v —T %A, v FUT 4, 77 F3A%HAZE
ELMARETLVTHREIN TS, ZEENRENRIICEOEEZE S 2 b
BN -012, NITHREEZHERAT 2. R 4.1 HERT 2 ZMOLEE2RT.
RS 2 EHEOEME, 77 FXARICEDO 2542 LT 2 sone & 14 sone D 2
ZE, 77 3xRCHED LM UTIRIBZOZHFE 0, 0.5, 1.0D35M, b
F VT 4 1B 25 UTHGET IS & TIE0E 1 kHz O IR IBHEE © 2 504,
¥y =T RIZED &M UTHIDEBEE 500 Hz, 1kHz, 2 kHz, 4kHz, 8
kHz @ 5 =MD EFH 60 T D 5.

HHIB O REE AR X AR X I ER 5 2 ARt tEf S hTn
578, FEEHRIBIIT XTI RITH —F 5 [32].

4.2.2 EEAHE

ZDEBRTIX, BENHRXICOWTORERZITS. HEEY—Xbro—
WHHEGER R L. EBSINEICZ, 22005 2HE RN TRINICHE SN F
CHROBEINZETELLDEDOHP I D PILE U BEIRX 2, K 4112
EERCTHEHA L7z GUI 2T, EBHBIIRIOEY 1 HEEEINT, 0.8MED
IRIERERE 2D D, HBOED 1 BEEEXNS. EBSINEPEE T 5 & RORE
NREEXNS.

FERHD 60 D 2720, 205 2 0% ERHASDLEOREITI 1770 TH
5. ZOEBRTIEZ3IHIZFITIHYZD 600 Mt EiT-72. £/, 150 @D
21T 5 Z 212 10 77 DAREEREE 2 B &1 7=. 150 [ D LIz 5000 2 KRN 15 97
HitR TH o 7=,

4.2.3 EEBREMNE

FEEBIIREGE 1248 (B, LMH4%) 2L, BFEMREERL
T, REDEBREIToRITPIL REDERZITS I N—T, PRI DFEER
AT o 2BICRE DEBREITS IV —TD 2 7N —FWZ5F T o2, FD7=,
AREBFTIEHEINCRICDEREIT>o TRV L—TE, HENRXIZOWTH
BMOEBEIT /2 NV—TD2 7NV —FTERML .

24



4.2.4 HERIEE

EERIEENTERL 2. FHIBMOERICE, ~y FR> (SENNHEISER
HDA 200) & 7 > 7 (audio-technica Stereo Headphone Amplifier AT-HA21) %
AL, fEoRG#EZ PC (Windowsll) FDY 7 + w7 =7 (Mathworks
MATLAB R2023b) Tiibfiz. T 2 H5HHDOA Y - T 7B AREHRICK LR
Wiz, BEAFEOREIZRua—FTHR L. AB5ERD VB REHD
REEZ 2201 TH 5. K 4.2 ICERBREOMKX Z/RT.

Aures DIEHMRXDETNIE, TR, ¥ —T %X, v FVUT4, UK
FIAEHOCTHRXEEHNT 5. 200 DIEEOEHICARIFFLTIE, SQAT 215
A=Y —=2%RHT 3 [33]. SQAT X, MATLABFRIJOA -7 >y —2XEH
WY —NRy ZRATH 5 [?]. BFE 77 AU L CRE»DIEMER &N EE 7
Mrosnlge T, BAMED D 2 FEEMGEEL, PR Z R T 50#Ha— e ER 7 7
ALBHIXNTS. SQATIZ, MATLAB 2 —HF—Ii2 & o TR TEEE DS
WEB Y — v TH B.

4.2.5 EERFER

X 4.6 IZEERIHRL BRI OWTOEBRERE RS, £ 4.2 1SMEOEBHIE &
DX 7%, £ 4.3 1R EHEE O EEBRIBL & OXIG 2 R g . B R o A
FEEEZ R, 013 AR TH RV, FEDMEICKEL R ZIFEHRL LT, &AD
EHIZRPIEEHRNE NS e BRLTWDS., X 47ICEHT I3 R E R
T, EBROMR»IS, 77 FAADUNOEHENFECHEEE, 7V RAANPKIWL
IR nZ e hmE . ZHREUNOFZENFCHEX, EARINITZEH
ERKENTBPRRML BV KEREZIRVE WD RSNz, kL
NOFMDFRILHEE, METHAFEME THMIRIRZKREREN RN L
RS NTz, BN DEENE CHEX, 2 sone DFIEFTIE, EHEOLE
FAE 0.5 T, SkHz DENRD L 2L T, [MHEHME TIX, X DEE L Rk
12, 500 Hz DEDR DL BV E WS FERITKR - 7.

4 8ITERIH L N2 OWTOEERER Y Aures DETILVOFERE RS, #it
S E TV DGR T, B FEEEGERNIC X - TE S N =B o BEEECH 2.
MEHOMEMN K EL 2 21FY, BEANRXDEF L THRWEFHE L TWT, EWE
ERLAIBRVWEET DL TV, AlliE, K46 RTUTHS. Aures DET
JL & FERVSEER DAE SR © OMHBERERIZ —0.2142 TH o 72, Aures DIFFETIE, BEER
PXDETI BRSO MHBER RS 09U ETH 72720, ZOEERTIX —0.9
W2 TFRLTWED, FHEID SR DEWEERICR - 7.
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-15

0.5
Stimulus Relative Distance

4.6: BREHIR < 72 X DERERTR
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E EREO : O e
HE ZRES Ax GF x N P+ .
s R - WA HO L v +0 :
RS TR - [0 + Aoy + i
RS EHE0S - S o+ A w0 + .
m%ﬁﬁ%E%ELB » ‘%5 o— ??o +—

Stimulus Relative Distance

4.7 =T DREERIR < T2 X DFHEEER
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Model Value

1.2 T T T T T
+
1F O R
X "'o
%
08 - A6 R
A
A T . +
06 |- o R
X A (o)
A +
04 F " 4
A o
o 4+ i
O
02 AR + & o * ]
A X O ® +
v %
0 1 1 1 1 1
-15 -1 -0.5 0 0.5 1 15
Stimulus Relative Distance
4.8: Aures DIEEIR X DEF I & BEENPEL 72 X OHE %
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4.2.6 EE

Aures DEEHRE D€ 7L & FERFEER OAG R OMBEREGRMEWER E LT,
Aures DIEEIRZ DETIIZHW LN BIEEOREIRXICE 2 257280 1E L
{BIoTzZ eNEZLNS. Aures DEERRIDET LTI, 773K, ¥ —
TAR, ZU RIADPKRELRBZIFERIWFFD LT, P FVT4BRE2IWVIFE
RXIIET. L L, BEEEROMETI, MY T4 REWVIZFE b Y T4
/NS WIAHIEHEE 2 L LT, ThRXICEIT R D o 7.

Z DFEERIT Aures DI E SEITIT o 72, 3R 4.712 Aures DIFFE L DIHE S Z R
T BRI OWTE, Aures DIFFEE AT X5 R AN TR EZMEH L. FEE
FIWZDOWTIE, Aures DL TIE—XTHEEBE TR 2 DX 5720, v 7=
F a2 — FHEETETIT o TWd, RIFFE T, BERRIICOVWTY I =F 2 —
FHEETED K 2 Ie G- 21T 5 FIEIEEBRSIINE IC o THREER  E 2 72720,
REEZ A7 D3 5 — R HEIBIETIT o 72, Aures DT X 2HH T 2DICHWS
FEREICOWT D, AW ETARER 220, AT Aures DETIL L EhR
FEROMBEBERIERLS R dEZIONS.
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F5E 2AFEER

FEERZIT O RN, BRERR X OFHMSEEETIX, Aures DIFFL E FREIZ 0.9 L LD
MR R EZ R TE T, BEMNPRL R XOFHMERERTIE, BEENHR X DR
LIEWIC —0.9 < SVOMBERRICR 2 e TRL TV b LZ S RIU, BER
PRXHEERX LFERE, 573X, YY—7F3%&X, b FUT4, T FX
ZADHBERZTELEZHLNT, Aures DEEHRX DETF N TREEHRE DAL
57, BEMNAHRIDFMMTE 2 EZ TV, L URERPEX OFHEEER D
FEFIIAHBERE (RS 0.2346 T, Ko7z, BRIV R X OFHESER S, BRI
X DFHHEFEER DFE R D AHBIRE RS —0.2142 T, BEE P X 0 ISR & BRI K
Mmool

FERAGR & Aures DETNVOMHEBEBEBROEI > HKE LT, 73R, ¥v—
TR, bFVT 4, 797 RAADBEERNRXICE X 55720200 T Aures DE
FUDNIELLFHMETE TR/ 8 NEZHNDS. Aures DIERERRXDOET
MIFZT7AR, X —=T3R, v FVT 4, JURIXADPLEMNTEZ N TE,
FHENRENRSICEZ2HELME TS eI Lo TRENR I ZHE T 5.
AW DOBEREBR OFERTIX, Aures DEEAIR X OF 7L OFHE & FEEIC T
RAZDVPNEWEEPL, 72 RIZOWTHEFEI/NZIWVIEFE P IKT 21
AR OGNz, L2, PFUT4IZOWTIE, ETABMEO NV T4 25
, IEHHED M) 7 4 2R LFHE L TW=DIizif LT, BEECERROAERT
X, M 2 AHTEMEE CROERRXICED A SRR D o 7.

X 5.1 IR BER R X DFEMSEER TS S Nz ER & BRI < 72 X DR SEER T
Boh-FEROMBERGRE /RS, MR RH L 72 X OREEEGEER OF5 R % ik
LEdDERLTWT, MENIEENRX OFEINEROEREEZL WS, HE
BAfRIZ0.9542 H 2. ZDZ b, Aures DETIIATIXFHETE Do 72203, K
B R X DRERE IR L 723 O 2 EERP X OFERICIZEDHBIBEZREL D D,
—if CREKO) T & B A[REME R E Tz,
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Unpleasantness
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F6E

6.1 BHoHICLIcC

AFE T, BEHEEEE AW T, BENRX L EREHRL X 2 —iliTE
KO TEZ20ERABT A2 E2HME L. 20740, TIIIBEIERICLD
EERP X 2 EEAPRL X2 OWT OBl Z KD 7=, KIZ Aures DIEE PR X D
EFNLE OMHEBBRERAET T2 2 L TETLOENME L BRENHR X DETFILE H
WTORRER S X OFHTREME DG 21T o 72, Z DR, Aures DIFZE DS
Reg LT, HEBRIIMEL oz, KL R oZ2EKE LT Aures DR IR
XDETFTINORIEENEEIRXICEZZ2HEL ELLFHMETETWRWZ 223
EZbND. 2IC Aures DEEHIRXDETFTNLTIE, P FITAaBKRELRD
SR T 5. 20, MECINEEMEEOR XX, MBI, AR
MEE TR RV EFHiT 2. Uh LEEIGERBROMERTIX, % v IAHEMS T
X, BERPEXICRKEREWNIEI RV,

JEE AR X2 DO W T OFEEEBR OSSR ¥ £ 7L OB R1Z 0.2346 T, EEK
P 2 XDV T ORERER DGR . 7 L ORI —0.2142 TH 3. %7z,
R AR X O FERAE R v BRE P 72 X O EBHEROMBERRIZ —0.9542 TH -
72, BEEUEBRORER v £ 7 L OMHBIBRIZ D o 7223, BEMHRX ¥ 7 LD
BAR e BEERRL X 22T L OMEBEBEIRIZIEE ACHORERICR T2 Z 82 5,
EER X EERL R X BEBRED I I7A R, v —TFA, v FUT4, 7
T RAADHEEERZITI TV EZILNS. T, BEMNRX LIEERL X
DHBBERDEWZ 225, EMICERENIRX ZFHMECE 270080 0UE, &
BRI DET L EHWTERENHR X Z2HET 2 22N T, BRENRI L
BRI X2~ TERIOFTE2I A TEILEZONS.
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6.2 RINHRE

AW TR Aures DIEEATVR X OEF A TREENR X ZBYNCFMTE Lo
72, L2 LTI SBENIRXIE T 7R, Oy —TX A, v FVUT4, 77
Ffr~7\0)$2§§%§h‘é ZEHREINTWEG., ZD=0, ZIEENEKERHRXICE

LB RRE LT, Aures DIEERIRXDET VDB ZTHEL /-6, BEEEEE
ﬁ%zmﬁmmé@%T»@M%%%ma<maz%xama Aures DEE
M DET VDRI OWT, M FV T4 DETOREZ 0L HE, ET v
L EBFEROMBARARDY 0.57 1272 D, MHBEBEROKRE K2 Z e 2R L. &
BIZ, 77 RAADEHDOFRBED L DELID S RKEVW0S5ICEE LGS, 7
L EEFAEROMBBRD 0.791272 D, XHICKEL L2 e 2R L 7=, Aures
DEHEAR X DETNDOFRBEREL L7256, 7L EBREROMHBR R X
DICRELRBEEZOLNS.

BRENRXZEHT 2ET1IE Aures DET LD BFIET 5720, FIDK
HRX2EH T 2ET7 L TR LI, BENRS 2 EEHP R ZITOWT—H

TEHROGTEZR[EENDLD 5.
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Eaf

AHFEDORITICH=D, 2L DY, ZHMEE2H-o7z, FIEEHRBETH 2R
HEBERICHEH N2 LET. T2, MAERRTHRZLDOIMEZA R EE o7
RAEBAEE, KRERTR, BLUREIBRICES BHVLET. EERICSmL T
{BEoWERED X U AN—1ZREH - L F T
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