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Abstract

Reverberation various reverberation times exists in indoor public spaces such
as stations and concert halls. In the presence of reverberation such as evacuation
guidance voices during disasters, it is necessary to accurately transmit voices to
people in the facility.

When speaking in noisy environments, humans change voice in response to noise
to improve speech intelligibility. This phenomenon is known as the Lombard ef-
fect. Similar compensation movements may be performed in reverberant environ-
ments. To date, various studies have been conducted on speech in reverberant
environments. However, it has not been clarified yet features that are important
for accurately transmitting speech in the deformation of speech in a reverberant
environment.

Arai et al. that speech uttered in a reverberant environment tended to have
higher intelligibility in a reverberant environment than speech uttered in a silent
environment. In addition, they report that consonants are coordinated by steady-
state suppression corresponding to a vowel for speech, and the intelligibility under
reverberation is significantly increased.

Kubo et al. speech uttered under a total of four conditions of reverberation
environment of quiet sound and reverberation time (1 second, 3 seconds, 5 sec-
onds), and conducted a listening experiment with reverberation convolved. It was
reported that some speakers tended to have higher speech intelligibility in rever-
berant environments for longer. Also, focusing on the formant frequency of the
uttered voice of the same speaker, analysis is performed, and the vowel space is
expanded when the reverberation time during utterance becomes longer, and the
first formant in the onset (0 to 25 %) of the vowel section The slope of the tran-
sition between (F1) and the second formant (F2) is the steepest in the non-giving
condition, but the transition of the formant is steeper when the reverberation time
is 5 seconds compared to the reverberation time of 1 second when speaking. Has
been reported.

However, in each case, only the results on the frequency axis are taken into
account, and the time variation of the utterance is not considered. In this paper,
temporal envelope of speech in order to clarify acoustic features that are important
for improving speech intelligibility in reverberant environments. By analyzing the
modulation spectrum of speech in various reverberation environments, focusing
on F1 and F2, which are considered important in previous research,This paper
was found features that are considered to be related to the improvement of speech
intelligibility. A listening experiment is performed to determine whether the ob-
tained features have contributed to the improvement of speech intelligibility in a
reverberant environment.



Speech uttered in a space resembling a reverberation environment with the same
reverberation time (T60) as Schroeder’s RIR to investigate whether humans are
deforming speech to compensate for information lost by reverberation Speech (40
voices per condition), whose intelligibility tended to increase in the reverberant
environment corresponding to the extension of the reverberation time (1 s, 3 s, 5
s), was used for analysis. The frequency bands corresponding to vowels F1 and F2
were extracted with a bandpass filter, and the modulation spectrum was derived
to obtain the average value of 40 samples. The results showed that the modulation
spectrum of a speech with a long reverberation time tends to be larger than that
of a speech with a short reverberation time. In addition, the modulation spectrum
around the modulation frequency of about 10 Hz is particularly large, and it is
considered that there is a possibility that compensation motion is performed for
the modulation frequency component that is damaged when the reverberation time
is long.

Next, in order to evaluate the relationship between the utterance deformation
and the modulation spectrum in the reverberant environment obtained by the
analysis, the intelligibility survey was conducted by listening experiments. The
stimulus sound creation method used in the listening experiment was resampled
to a sampling frequency of 16000 Hz, and then divided into 64 channels (Band-
Width: 125 Hz) using an acoustic filter bank. After obtaining the power envelope
from the output of each channel and filtering it to 0 and 1 using Voice Activity
Detection (VAD), it is further divided into 64 channels (BandWidth: 1.95Hz) by
the Modulation filterbank and specific modulation by the gain control The fre-
quency component is raised and returned to voice. This time, five native speakers
of Japanese speak the three most important words in the ATR database and use
the voices of the three-mora words. The frequency bands corresponding to vowels
F1 and F2 (male: 300 to 2000 Hz) A sound (4 dB up) in which the modulation
frequency of the power envelope of the filter envelope: 2 to 16 ch) was around
4 and 10 Hz (Modulation filter bank: 2, 3 ch, 5 and 6 ch) was raised by 4 dB
(8 dB up) and a sound was raised by 8 dB. For the experimental stimulus, three
types of reverberation (1 s, 3 s, 5 s) convoluted with the original voice, 4 dB up,
and 8 dB up. An experiment was performed using this speech to determine the
intelligibility of words in mora units. Nine native speakers of Japanese in their
20 s participated in the listening experiment. The stimulus sound was blocked at
each reverberation time, and the sound in the block was presented randomly.

Although there was no difference in intelligibility between the reverberation time
of 5 s and 3 s, the results showed that the intelligibility of 4 dB up was higher
than that of the original sound under the condition of the reverberation time of
3 s. From this fact, it was suggested that the utterance deformation of raising



the modulation frequency component for the reverberant environment might be
significant, and would lead to the improvement of intelligibility.

This study shows that humans can improve intelligibility by increasing the mod-
ulated frequency content of speech in reverberant environments, and perform sim-

ilar processing to increase speech intelligibility in reverberant environments.
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1.1 EL®IC

HEAE2%5 ECe NISEERRKTLHILIZLY, a3a=r—varziio
TWa, gAdla=r—ravilbWiEiEERidEEcCaIIa=rr—rayv
BTN B HFEBREEIIR~ 22T 27280, SiEERI/ELDONG A TRENET
TEEENHD. TDH, b MNIFREOZHIIN U TEE TMELHET S
OIHEREREMRIZE2HH2ZIToTWEEEZ SN, HIZIEANAAPE
NEHEDEREMENL VERETRIETHLE, b MNIRFEEHMIZT 5720
W OBRBEIZGE U CH2ZLEIETWS., ZHNIEMSIZEY, BERELEZS
AOMEZ R LD, KiFFHEOME % BIf, KifRE2E L L, HEARHEK
BME0)ZESTEHIILETARI PVOMHENPKRELRD LI HKFLZELIETH
LMo THS[1]. ZOBHKFO U N=RGREMONT WS 2], £/, HEFOL
NRVIZHRUTHFENPZT B Z L HBEINTE D, ZOKGEEI LS OBER
i 2 L CHERE T TO rE R EORANMTHONT WS [3).

MET CRIRRICRZBIZ L > THHEA TREIHME N T 5. ENICB T 22130 K
WELBTRESTDO 2 DODHEENSHK D I->TWD (K112, & THEKT
DELRFER & U TRIBEEE N HRITT 5 53R %2 Y AF V7§ 5 overlap-masking|[4]
NETSND. BIFRESTNEEZIZN L T60 dBRET % F TR %2 2R
ML, REREPIREWIZY, SHTHERIAREETTS.

BRP 2V — b h— IR 2T U E UEANRILER-NT IR 2 22 R R E D
BRENFMAEL TWED, TREENICBWTIEMHICE B ZEET S Z & 1WA
BENH B, TDRD, BEBEENIBW LSS THELHERT INERD L.
7z, BERETNIIBVWTHO U N—= NIREBZFHKFE LI TN TED,
HERE T CHEI N E A IR TERERE T CHRE I N EH O DB RN
TIZBT B TIREDR LA 78 WS REDD 5 [5).

b MIFRBIZ LA TER T 2/NI K T272DI2ED &S BHKFEEK 217>
TWADPZfENPDS. T I oREREECIEEICEREZ(RET 570D FH»
D &Y.
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1.2 FEEMFT

BWERB T TOREED TEZIZOVWTRESE S IJREEREE NIZEWTHEI N
BEAEIFRERE TIZEVWTHEINZER LD D TREOE T NI NI & %
WELTWD 5. £/, FEGIIRE - FEEA XAV - SLEP BB EREL N CHEE 12
HZBBIZOVWTHAEL, FHEMIMIEHHBEEICERL TSI 2R U
(6, 7]. ZAUT XD clear speech IZFREEE N CEH AL L LIPS0 ICHHT
HHIEN Dotz Flz, MERETCHEZESTLILAAETHLDIT
XU, FREBRE N TIRRIRARNZWRKIE overlap-masking D& [ IZH X 5
ZEHEREEFEZONS.

Fidt 6 1358 K B overlap-masking DS ZBHH T 5 726, &ML %
TWEFHRESEICEYR 572 e 2HE L8, 9]. T O H o B:E OIEL
B overlap-masking (2 K BE R (KRS EH Z L300 o72. L, 56D
ZETIXREE OIENEEL . 5B %217 o722 2 A TREICERRAXEONT, &
HOMENRENWE ST TREDR T LEINEI NS Z & 2 i)E LTV [10]. B
BREURE AR TH LD DDEREEE T T M fE 2R 572013 & 0T
JLER7Z 1V TIEEF A TIERWEEZ NS, AR O ITFRERFMPER 2RERE T T
Fah S N H I D W THGER ORERHAE VN & SITHAR, RW\WE ED 05
BITOTMREMTANSI KRB VWIFEREHRELTWD [11]. £/, HUGEH
DEFIZB VW THEROFRERHMPRVWE &, BEEEMERL, F2074)1%
Y FEBDPRAIRIZL D L WIHEREHE L TWS [12]. T15 1 conversational &
clear speech DAEFR L U THIONTWASRTH 5 [13]. HETNRFEIIEWT T *
W=y NEBDPRAIRTH D L5 Fah DO RFHREEIRIC S ENH T W5 A EE
MDD 2H, FLUSHHBEIEFINTOAR.

1.3 ™MIEOEH

PR N CEA TMEE2 B 27200 EEREEREIEH S Mk Twd
LIFEAR. Ez, BRENEGFESORMMEZEL S ITElb 6T, BER
FTCTORGEARICE W TEORHLE 2R TLREAPER S 212 A LRES
nTWVRL.

AWIETIRIRERE N TR SN ERENEDEIIIRHTLHI LITE>TT
FREDIE T 2/NE K LTWEha2HET 5. T D705 H ORI QGRS
H U7z ETRATIIZE [11, 12) THEL INTWAEEOD F1 & F2 % Ik 72
BRERBORERE N TORGE 20N T 5. TOMRISREBERE TN TOSEHT
fem EIZERVRH D EEZONIREER DTS, ARLE X SN D HERN
Be 2B ERZERL, TMEREZITS 2 LI 0B NMERIRE
B NICBWCHEN TREEZHMT 27-DICEHETH L TERMETDH 20 %1
RT 5.



1.4 ARERX DB

Ak, bETHE I NS, X 121X E2xRY. Hi1REIFmThD, K
A COMEDOE R BN, BEEZRNT WS, F2HIFERMZBRD. F
ERER TREIZGEZA D ENSRERE T CEREI D S 2 RFEEAE 2 FHIL TV
5. BIMIIFHELHEBLEINIINTEIEZEZZ2ERTED, SEMFEHLZEFIC
DVWTHEIDETHBANS., FA4ZIIEIHETORE, BREICIT- 72 TIRERE
WZDWTIRR B, S EIIFRTH D, RFFRICLKOHONTIR 722 & &S
NHEIZOWTIHRAR S,
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2.1 ELC®IC

FREBIZL>THEULERH FMERTORKE UTRTREN LTI EEEY
AFXUTLUTWEIENEAOND. BEKESEDEEEIZHL T 60 dBIEET
% if@ﬁf"ﬂ%ﬁiﬁnﬁﬁ'ﬂtﬂ}ff BERHAPETNITRVWIFE THREIMETT 5.
E - RBIIRE G IZART PVEAZ T THRKPOUMRIC O EL 52 5.

ZDET iﬁi%@ﬁﬁ\]’l’ > 7OV ARE (Room Impulse Response:RIR) € 7 )L
» ORI D FRERFFH OBIMREBEET IV EEHRL, T OLPFLERME (Modulation
Transfer Function : MTF) 2 &{ 4 5. FREEZEL 72 MTF 25 &/ 7 #EZ KT
SETWRHEREZ PHT S Z & T b HREERE N TORRTIT > T2 HEN
DD B AHEET)IZ DWW THET L T <.

22 RBREZERLULCERGERBNRBEICEADIRE
BB AL - RIR TREM A E DL LT Schroeder D RIR 23H 1F 543 [14].
Schroeder @ RIR (FIXAXIZ L D EZEI N S.

—6.9¢
Tk

h(t) = aexp( Yen(t) (2.1)
Schroeder D RIR ET NV Z JTCIZESNIZAT A VNIV AREDORIE 2 2.1 1R 7.
TR I3RERMA2EREL TWE. ZZTHWE TR ZBNSFEEED—DTH B Ty &
FUTHD. ct) IFAMBHESTF Y Y 7 TaldPower 2R LTS, ZORIR &xf
J&5d B MTF XD LS 1zRI N 5.

1
¢1 + (27 frniR)

[ ZEFHPETH S, ZORNITL DR THCZ 1R, 3B, 5 OERERHMH
EROKRED MTF 2K 2.1127R37. KL OERERBL 72 MTF IXZH B O &
BARMEIEIRMEEZRLTEY, BEREPE VRN &2 B 13K &
CIWELULTWAZ eWbhb, ZNZE ) SHETIREICEERIGREZE O D E X

m(fm) = (2.2)

6



S5NTWD 16 Hz L FOAFTRIRB OB RELELRDbONTWA, B MIZOD
RIS D 2 R BT 5 &S BREEEEE2iT\W, BERTCOEH ITifE%: L
T CWBHREMEDL D 5.
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2.3 BRE(IZLDI3HEDENR

B U 72 MTE XA D S 2 s X B 2 RED H 0, FRERRILE
WIRBETH B IFEREIIRE V., ZORMEIZ X o THEL & F 7IREKT 2 8%
XEL-DIZe MIREFTEBAIELZ e TCEFRNBIR S OEEBEZRS LT
WAHREMED BB, TDIZ & ZHEND D T- DI 70 5 B RE] DB RS CTHEL
IN-HEE LB RE CHREIN-EEOLHFIEBS S 2 0l T 5. &R
NOAREEZ OGNS EZE2RDY, TORBEHAVWCESZ2E8KL, THRERHE
ZE LU CHRERE CORMEER L ZFTART MVOBEKROFAEZITD.

BEBRIE N CTIES2 L5270l GRETH A EZHFEWBE S 2 REL, 5 &
B3 TREIZLBEELEBT S.
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HB3E BRETREOZLRAART ML
DT

3.1 (LI

BAHAART DVIE, FORENAERD AR MVERTH D, BFART b
WZBWT, ZHREEBDE RS E T — Ao L#ERLTHE Y, &
RPN IR T — AN P > D EFT LI e 2RT. 7z, HH
DEEFA AR N VIFEEFAHBIND A~5Hz fHEIZE— 27 DD 5 [15]. 2D b
EME1IE—TH7D 200~250 ms DFEETHZEL TVWDE I EARBINT WD
[16]. ZFAART NV & FHEMEDOBRIZDWT Dudley IXHRIEQERRD 25 Hz BA
LFOZEHBEBER D ERELTE, EFTBEMINLAVWI 2R, K0WE
PR P EFROMBEIZE > THEHETHD I L 2R L7 [21). ZOHEERE
BB IR BEIC L D RESERDNTWS., /MRS IZBREICLS>TT
MBEFAR T MIVOLEF RIS 2R b EIF COtOEROMITED IS Z
THA fREWENTE S I L 2R L7 [22.

COETIERR DB OBREERE T CREINEFOLERART ML %
DT B, TORENS b MIFRBIC L > THI N ZHEIREL S % E S
% &S EEE 21T > TWBDNEERLTWVK.

3.2 ZTRERARYT NILDOSH

2.2 TR AR FRBERIS N CAF AR L) D &R E T 2 RHEICx LT M
Faia BRI EDZ LIk b, BIABEESED %251 & LIF 02 alRetinidh 5. =
Z T Schroeder @ RIR & [l USRERG ] (Tyo) DIREIRE CHREEI N EF EHE N
THBEINZGEHEAVTERARY MLOSH 2TV, FKiEHFOBREIIN T 2
R R R DR D BN E MR T 5. FERD O b MIFRBIZEA L ERIZH L
TED & D BFEEE Z2T> TWBDNEHSNZT 5.

Slal, JeATARSE [11, 12] TOREEMOILKRPREDF 1, F 2 DEBR R
BT D2 U CTHFEDOREZBNZIE D X S IZZM L T2 D0, Mat
275770, BEDOF1, F2IZEBHLE ETERHARY MLV 21T -5 7=,

11



3.2.1 EHAE

B3NV RANAT 4 VR EMHHULERARS MV Tay 2 X147 27
TLERT. WZUDICATETTH S s(t)FRE FFEEEH) O RE O JH B
W(REDOF 1, F2)DEHREIROHT7ZONY RAZAT 0 VA EZHHT 5. IRIZ
WY RRZAT 4 W EZr oIz o(t) ZHOTIRAN S TR —TFe(t) &K
H5.

e(t) = (LPF(|x(t) + j - Hilbert(x(t))|)) (3.1)
ToRO—Tet) 2 ZRTHILTAT—To_RO—7 (1) 2Rk, WATEH
L3 2~ 2 WL E(f,) &K 2.

E(fm) = |[DFT(e*(t))| (3.2)

12
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3.2.2 EFEDINEE

Slal, SEAFARSE [11) THREERF OB N R R 21220 T THE DK T2V
Il EMEINTVWELHAGEREREFEEDOT — X2 H LUz, ARSDITo7
EE OINERGEZ M 3.2 1R Y. RN OFREEREI OB RIR &2 W TR L
TFRBE R GEEDFE U I LT, Steinberg Nuendo 7 Z W TEAIAAZITL,
B~y R &Y (STAX SR-404) 2 SR 2 NG L EH 2R T 5 Z & THEY
U7z, FEGEERIRIZ 3 D DIREN G504 (FREIFH (T60) 1s, 3s, 5s) &1 DDk
54 (non) 2L 2G5 4 &MFTH B, T/, TENEKCIE, HFEAZ
W8S 3 7= gt Ad >~ 2 (SENNHEISER 416p 48u) AAHW 517z,

FERESUTIE FW 07[15] 5 SAKBUERIE T H 2 PEE 1.0~2.5 2 X —7 v ME&ETRA
L7z TZZicid BV TCHD] LW0WHIXERMHALK., £72, HBEXOHNRE
DAERIZEE 52V E S ICKERE TR UREE &2 IR U 725 75 & oA i
L7-.
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3.2.3 D DFEHE

FREIZ X D REE R OINK (M 3.3) 2@ U7 ETEMOREDOF 1, F 2128
JEU T2V RANZAT 4V & (F 1: FBRA Y b A 7 J&EE300 Hz, BRIy bA 7
B# 550 Hz, F 2: FERA» b A 7 EEE 800 Hz, FERA» b2 7 EHEL 2000 Hz)
ZMAHUZ. BHLUET—XIE 322 TS N2 EH (1 REIZO S 40#) 225 4
E—IDX—=7y FEEIO B LEETH D, Yo7 v TR 44100 Hz,
SRR 1 5000 ms TZFH AR 2 ML (40 A DY) &2 KD 7=,
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3.3 R

FGHIF D FRZEREH] (non, 1s, 3s, 5s) T X DAEFHA N MU (40 fH D F-¥MH) %
HHL7-ED% FX 34, 3557, X3.41FRFDF 1(300~550 Hz) 12 H U 7=
AR MV TH Y, X3.51EF 2(800~2000 Hz) (ZEH UZZFHARY ML T
HbB.

BEDOF 1IZEHUAEZHTHARY FVIZBWTERERBOEWSHTH S 3s k
5 s THEESI NI EHIZE W TEHFF B S VIEIE ST 21" 6N, £z,
ZE A JE IR D 10 Hz (R TIEIEIED B IZ RN T Wb, BEDF 2IZEH LA
FHARZ FVTIE, 5s TOFKFRZEWTEFEIEE 10 Hz (HETHORME LD
BERS 5 & WO RERBE S Nz,

F 7z, FRERR 1s, 3s, bs DRMFTHEI N WEFEE 1 NOFRGET —X 2 H
WCHBD D 21T o722 25, K36, 3.TDLIBERIFELNZ. 256D
PRI 3s T DFEEHIT B\ TE T BB 2 D3R 9 B A 3E S Tz,
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3.4 ER

X 3.4~3.7 & D FEERFDORZERN 3 s P 5 s M BWTEFHARY MLVDE
FHIRBS D IR TR L TWA Z &3 H 5. Drullman S I3 IRIEEAGERIZ
BWCTEHE BB DFEZITV, ZFEEED 4~16 Hz £ TOEFK T ILH
FETMECEETHLIEHEL TV 24, ZOZhrbHHE TEICS\VWTE
WY XNDEHFEED A~16 Hz 2 Hib BT XS L L TWAAREMRE X S5 b.

F77, X34 CEFEWE 10Hz HEDEFHART MVIZEHT 5 & Fah DO 5%
BREA3 £5sDEEIZnon P 1s LD RKREVWLE—ID/ENTED, K35T
5 s DEMEIZBEWTHBOREE SN TWS, SFEBZEDGETH ZHEIK
10 Hz fHE T 5s TOHEFEPHEET AP FONT VWS, ZOZ bk M
BRERNMNE VRSB LM ARY MVOEHE R 10 He fHED D %2 5] &
BB I RFEFEEEZ L TWEIEREZISNS.

MEDZ NS, 22 TRARZFHEEZKEL 72 MTF 12 & > THEARLNS ZFH AW
BRI UC, b MIZEFAEBEE (R 10 Hz fHE) O 251 & EiF 5 X5 7%
HEEH 275 2 TEA TREE2 LT TWA AN E X 5N 5.

72, M34, 35IZBWCHEEDF 1, F2TOHRERIARZE, F1IZE4ST5
JEA BRI T DEFAA R Y NILVD D FERER R O £ X124 2 25 R %5 D
BEDIHE CTH o7z, T ORERIIALR S DEITIIZE [12] THEINTWVWSF 20
TANIY NEBBEVABTH o2 WHRRETTHE. DI e okfla
KEARD AT MVIERIZEA U CTIE F 1 A5G D JE BRI K2 S8 A3 H 5 i He
YD 5.
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BAZE BRETRECEZTHAARI ML
D B % D 14

4.1 HH

93 CHRERMDE WRFOFEGE 2 B\ TRIE O 2 F7 & U IR 3 2 E [ A3
"Jonr., ZTORRE TICREOLFRBEEE S 2R BT EF2ED, TH#
EREZITO L CRIBE TR ONZAEBRE N COXKFEE VSR TIREIZED
DL TWBEDD%ANSL. F7-, BN FEH 15 B BRI %2 Fr
DEREERIETO TRER L2475 BRI E DO HFEBREED ©ORERMIZBWTE
WTHDHDPEHSMIZLTWL,

4.2 ZEERAZE

BHAART NIVIZBENT 3.4 TEFFABEE 10 Hz fhE Dk #51 & EIF 5 Z o3
BB ORWRERE C T MER T 2/NS T2 Z L ICER DA REMEEZ RIB L
Fz. E7z, BREOEFHARY MVIGEFBBERO 40z fHEICE =23 0 [15], Z
DEFE P AHz FHEDEWR B HEIZ L D ERDbDNTWS. TS DB RS
BB 7O BRI 4 He HE L 10 Hz ABED AT —= o R —F %5 &
R EEREEEY, TREFEEEZITo TV,

S FCORELE IR LU TIRITR R 2 FIETEF BB S O S LI %217
W, FREIRE ((T60)1s, 3s, bs) DFkE %2 EHIAAHAKRGE 2 RHEGEE & 95 20 85
TR U CHERNERR I TR U 7-.

4.2.1 RRRBEDERFE

B 4.1 IZEBHBER D T 0y 2 XA 7 75 LhamRd. FESst) 273 —2X
TAY T T 4NNV [19](K4.3) % FWT 64 ch O JEEBUFIR (FH8%0E:125 Hz)
DF ¥ ¥ 2 IEF xx(t)(k = ch) IZHFET 5. IRIZap(t) Z VNV MNEHT 5 &
TR —Tep(t) ZKDD. ZDRE, z4(t) % ep(t) THDZETHF Y U T (t)
ZRDODTHEL. ep(t) Z UM T I L TRONANT -2 R — T p (1) 2L
TAIVENVTIZANS.
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B 42 1ZZFT 4 VRNV T DWEHTIT> TV AIEL O 2R3, £, F&d
ERBRDBRVEREE DR D LTSN TIREED L S WHEVRET 20 %<7
DIZ pp(t) 1T U CTHEA KM (VAD) ZIi6H L7274 V&) > 7 (0/1 7 1 VR
VU7 M44) BTV, BEANT —T RO —TORSOAZID H9. B
U527 3—AT 497 T4 NNV ZIZED, X 51T 64 ch DZFE IR
I (P 1.95 Hz) D my(t) 1238 U, gain control 12 & - THiE O 2554 B %
b B3, 208, 7 I—ZAT 49 7 T4 NVENY 2L D ERHEBED T —T
RO =T P(t) 2155, P(t) 2 T BT yRu—JIZRL, KOTH
Wz ep(t) ZMITEDLEBIILETF Y U ANMEFTIZRT. RBICHETI—AT 1Y
77 4 VRN 7 EFCTEBREEE 725 y(t) 2155,

4, REDF1, F2I284 7 5478 (300~2000 Hz) 26 1 /-7 —x
v RHE— 7% AT 4 Hz A (2~6 Hz) & 10 Hz 38D (8~12 Hz) D
7% 4 dB B 72 R e 8 dB EIF 7Rl & fERL U 7=
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4.2.2 FEEROFHE

FERIIEHARGEREE 9 AU 72, FEERRBIL HARGEREFEGE S 5 A0 ATR
F—RR—=2Z[18] @EEK (BE—F) 2K LT — XD oER L. S, K
B (AR @ Neutral) & 23/ EHE 4 Hz 138 & 10 Hz fAHED K % 4 dB B 724l
W(LAR :4dB up) & 8 dB EIF72#1¥ (BAF : 8 dB up) 21/E->7-. 3TEEHOR %=
FHALEI—RAX 74X OO0 TAA]ITHL, 3 DDFKEHM (T60)1
s, 38, bs) DIREBELZEAAATZER (BFFIRM (15:M447-0 20 [)) % HEEE
WAL, K450 GUIZHWTHER DT EZITo72. ZDLE, FHiEFT—X
LB TREDDZ LD 2B 72DIZ &M TH U BGEIXEAY T, HEORE
FIZE UBEEMNFESMETIRRINB WL DI U7, 72, EBHIEBIIRERM Z
Liz7ay Z4hl, BEEEIZLTTay 7NDOEREE2 T VR LTERR LU .

U 72844 1X PC : LG sharkoon, ~v N7 # ¥ : STAX SR-L500, A —7 «
F* A v &—7 x—A:Fireface UCX, =X —:1-0 DATA LCD-MF244 T» Y, &
FOERIZIE MATLAB %2 W 7z,
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4.3 ©HE

4.6 128 EMDE— T HIEERDOVIEZ R, FRERHE 1 s TIEEE, 4dB
up, 8dBup D35 b TMENE L, ElZAONKRD) -7, FRERH 3 s Tl
4 dB up DIEZERDEIIENRE LD 6 % m<Ro720%, 8dB up TIHEDRS
NIRD o1z, FMFRERR 5 s TR EDRMITENTD THEEIME RN
SN o7z, FRER] 3 s D Neutral £ 4 dBup IZEWTt+-HREZRITo722 Z 5,
AEKES THRE WO FHENE SN, (P H:0.048) .

4.4 ER

B 4.6 & 0 FRERE 3 s OBREBIEIZE W TERFEREBES 4 dB %2 B 723 /H0
TIREED, BREBBIERIZE TS TER EIZBERL TWA Z RN, Tz,
8 dB E\F 7= & A T HAME R TR EDMHAAN R S AR W AU D W TIEEE 3D A
FAARZ FIVOORER K O BRERE COREEBIZEVWTE NI 2~4 dB £ T
U ERBE D % BT TWRWZ e SEREERE NI 15 THRER Bk
WC RIS %2 8 dB B 2 MEN R \WAJREME DD 5.

FRBRH] 5 s CTIEA KM T TMEICHIER ZPEENTOVRWEITHZE (7] £ D
FRERFE] D R WERFIZ clear speech IZHEWTH TIEED EA3> TWRWTZ &9 555
BREBIZIDZIAXF VIR RETEL L &, ZHEWRBS D28 & EIF5710TlE
THREM EIZES W RIS, LrL, RERM S s DEMIZE VT 4.6
THHEMEZR LU ZAREIZHART Gain control Z i U 72 & /4 X IEE D 7 81
MAREL, FHFICHFLUTE—TEERVNEG RBPEHEN W, ZDZ ok
HHEPEWE &, ZHEBEBES %5 & B 72EHO 7TREIZITMEAENEF
NTWBHREMED B 5.
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5E fF

51 BALMCL7ZZ &

AR TIFRERE N CTO M DOREEL & AT TOE S N R e &
DEFARY PVIZEH Uz ETHELL. BEDOF 1, F2IZEHL, ZHAR
T RNVESHTUZRER, b MIBEEEAEVE ZOKTFIZBWTETHARY N
VDB Z RS ETWE Z B0, B THEHARE 10 Hz
IETOMIENRBEE TH -7 205 10 Hz fHEIC TIREH LOFHNL O 23D 5 2
LERBUZ. £72, F2L 0B F 1 OLPEFHBEBR D HRESHEEL TS
ZENOHF 1OAMPERERE N TO TERN LIZBERL TWAHREELRH B Z L
Rboh o7z,

i e b5 Z e TRoNEREEZ AW TERIIRZFLL, KRB
BRI TOTTREFELZT 72, ZOFEIT LD, FRERR 3s DREREIZENT
K€ DEFRIRBS D %25 & EITAZ L I3 THER EIZEETHLZ 2R L.
72, b MIBRERHMOEWERERE TCORTICTEWTEHFHERERS 25 & k
B REER 24T\, THREM LEZ2M>TWBI 2SN,

CDOWRDOWEMEL LT, FENGFIEL, SHHESHD #HWENAILZE/™IZ
BPWTHIEHRIEREZEET DI ENTEDL LR, IRA—LBETDRE
R DA E A D K S IR IEHERERDSKRD SN BRI EENLTH I LN TE
LrEZoOND.

5.2 BHIN7-FR:E

AlEl, RFEDOF 1, F2MifomEEHEE»s Sz —12rRuo—7I12
U CEFRBEER D DF & EiF 2G50, F 130243 2 231 E R O &4
1 E B EAEEF 213N T 2L HEARBES DAER & I -SE %2 AW
TTIREFEZIT\, HE, BT CTMEIIRE<Ebo TV AHEHE
FESTHRENDH D, 72, BITMHETHRESINTVWAREDEF 1, F2DR0L
AR THES N BT BEUR D O S 2 2L X8 EHE 2 aM L, THRERSE
BT 2 L TTMEN LIRS HETH 5 S ERERORN T 5 B ENH 5.
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K D B2 570, THE L THEWERAREIZIZ LD SELE L LI,
MREXFBIIBVTE L OIS % FE o ARBEITLD & BHB L £ 7
WA E 2D D > 2 TH<HFE LT A E 0, AR BEL T — 2 O
ez UTLK 2 o MG BB ERI G I 5E 2 v & —iF5eEl B O AL BLE T KIT0
PO REHWZUET.
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