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Touch Detection on Furniture Using Vibration Sensors

with Low-Noise Circuits and Deep Learning”

Makoto Yoshida

Abstract

Many studies have been conducted on utilizing data obtained from various sensors in
the IoT, a technology that acquires and utilizes information from the real world. Devel-
opments in machine learning and deep learning have made it possible to learn signals
from not only a single sensor, but also relative differences in frequency components,
amplitude components, etc., of signals from multiple sensors.

This has raised expectations for detecting and predicting, for example, the movement
of objects and changes in the bias of objects in environments with complex vibration
propagation paths that are difficult to detect with conventional vibration sensors. On
the other hand, the development and design of sensor hardware, which consider perfor-
mance improvement and high efficiency in machine learning and deep learning, is still
in its early stages. There are few initiatives in hardware design that focus on low noise,
efficient sensing without compromising the essential features required for learning.
In this doctoral dissertation, we conducted research on the themes of (1) the utiliza-
tion of relative information among multiple sensors and (2) the development of sensor
hardware that can efficiently acquire features by considering the characteristics of the
sensing target. Specifically, among various sensors, we focus on vibration sensors and
make the following proposals on the subject of their use in user interfaces. (1) Us-

ing inter-sensor correlation information from multiple vibration sensors, we propose

*Doctoral Dissertation, Graduate School of Science and Technology, Nara Institute of Science and
Technology, March 29, 2024.
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a method for detecting swipe operations on a thick table, which are difficult to sense
with conventional electrostatic touch sensors, using vibration information alone, and
using deep learning. (2) Proposal of dedicated hardware that can handle the required
low noise and wide dynamic range, based on consideration of the characteristics of
vibration caused by hand operation on a table. In general, it is known that the sensi-
tivity of electrostatic touch sensors decreases rapidly as the thickness of the material
between the sensor and the human finger increases. On the other hand, the effect of
attenuation of vibration waves in the direction of thickness is relatively mild. If touch
detection can be achieved using a vibration sensor, thicker materials can be used, and
the sensor itself can be hidden, providing an interface that blends into the living space
without compromising aesthetics or design in the home, In addition, it can provide a
natural interaction in which the object reacts to the touch of the sensor. In this research,
we developed an algorithm using four vibration sensors, a dedicated amplifier that en-
sures low noise and high dynamic range, and CNN and realized the detection of swipe

operations on a table in four directions with a maximum accuracy of 90%.

Keywords:

Vibration sensor, deep learning, amplifier circuit, interface, touch operation
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B IR LD DT, MllEIANA 7L — X o RkEt > H =y s FTOH
B MeEhE AD ZHR o v AL RLTH B, RRISRT LS, 62008
DREFEEICE VTS, KRB 2=y b2 NS 7L —X ORI ORI A LT
LU EB LD R 2MEREREZ AO 5 Z i TE R o7, £526
T, 7—7NVOHIRG ¥ DR O RHE O FEEIC B W TRE DA E Z ik L
&, VALV RMIKREL BRIGEN DS Z L DHRTE. Z
D XD IWTHAR LNV DZEIZT 2 AW RENTFE O ESLBE ORVEIZN#TH 2
e bhol.
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X 12: RN E D & DX > FTOEEE &> DBER (CH4, FRBZ L)

3.3.3 EETOEMMNLHESE

— B OGS, IRIEERAINEBBUR S D2 F v > 2 IVE DA
ZDOBEREFCEFROMECBHPRAITE 2 Z e ShTWE. Iy [k
DZEBIRENCHEATER VD E D 2720, LRtV oBE o0
551 Y DESORIBBFENAEEFHTH 2 Z e 2MHL, 7—71DIFX
YT 2w 4 THE% 4 751E (Right, Left, Up, Down) IZ DWW TAT - 7=HRRICHED
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BRUIREIE YV OPCM 77— &%, K130 L5 a—XeAy R 7+ Y TH
3220 T, REEELE & U CEERR L 7-.

AEEIIK ORRIC X B CHI 2 £E, CH2 2 GEICHTHW, REIT—X%2E
L CHER CHERRL, X HIFARRICY #llcoWTd CH3 2 /A H, CH4 G HIC
HTHVEERETHER L. #iR, CHI ZEH, Ci2 2 HHIZH TOWHEEL - &
XX R, CH3 Z2EH, CHA ZHABRZH THWHEEL 72 223 Yl k2
AT4 T LTz 2OAEK TR 4 THRIEROIEOBEI O /AN, BFHEICE %
N2 B SDEE £ ICEEHTE. BDDWLDDDHDT—T LT
[FRRICHERR Z T o 72 & T AR BIZ ¥ N b AR OFER S S .

X 13: IREME S DEEET OHERR

334 AR OYTSLTORESR

KT AT A THAER O OB EN IR EERARECH o/ 2 b, ZDHH
EHELPICTEDNK 14ITRT EIICRATAL TRIETCHEON2E&F v > 3L
DEVHEEERARZ b0 UTHERLE.

X 14 DARZ v 2T 5 (a) ~ ) FZ0ZN, FildEHFICBIIZ2HDT
H5.

e () IZEDHHENDAY A 7 (Right)
e D) WFEPSEANDRT A T (Left)

s )W Fr6 EADRY A 7 (Up)
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e ()X EDPSFANDRAYT A T (Down)

X 14 OMEEIZEREL, BRI C &t >3 F v > L Z ¥ 12 FFT(Fast Fourier
Transform) 217> TEB D &L ¥ F ¥ ¥ 3L T & O BRI 7T D534 O RFE ) 72
ZUOTERTE 5. WO DRRZHERT 2L, HIZIEN 14 () IZBWVWTIE, £
POEHBNCAT A T R{ToTWb 7, 1RITERY CHI OREt >3 2=y M
M HAX— b L CH2 DIRENE 2=y MBI TEIET 25427220, 20
M TIEA R — MUBERHLZD CHI DAY b a 2o M3AE LD Ok L
THER T, FIERHED CH2 TIEARE ) OfEEIHETE 5. X 14
O)~(d) IZDWVWTHARY b a3 LZFRICHEZES 2 8, —EChhfskkoH5]
DELWD DD D o720, IXFFEROBEAN A SN, Tihbb, RAVA T2X
X — M FRMEMIDE YT F ¥V INVDEFDARY T 2IEBEND
LD, 24 THEIET ZMNBMEDE Y F v RV DEFIZER R D &
BRoTWk., ThoDEE50EEEEESORMINLZEIL LR 2 AR L
TR IS (h—F=7 2 OB{LEELULTED, NOEEATE
ZHHTHZEEZOLNS.

B DR EZIIFRAIE, IREEEEZ AR vurJ Lok EZE{ke L
THEBEYXEEHOTHEE XS, 2V THAOHEEITS Z e 2Hat L7,
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m Spectrogram 7 BRI L & HICHR LD Y OBERNSR SN SER
N BRRBLE ELICARTAY OFERNR S S8Rt

Up Down

—Time

mSwipe direction

X 14: 22 5 LA TOIEERKS DRER

34 FERFBEFALEX7A TIREIDS4E

ZZTIEIRENES 2 H RV A THAZEN T 2 720 ORI OW TN S,
HALEEIX, 4 751A] (Right, Left, Up, Down) ZNLFNDRATA S HiF5h
727 =R LT, DURORRIZITS.

e (). AVAT1HGDTF—& L LTAY A THiLDOES 2 &rit 2sec D
FT—x%EYHHT.

e (2). CHI1 26 CH4 D ZNEFNDTF ¥ ¥ FNDT—& Z 212 STFT(Short-Time
Fourier Transform) %17\ (ZRBEEII NV B2 ) BV 2 1ES.

e 3). 4F ¥ XA TOEHNE 1 DITEKT 5.
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e (4). 1DIXEMLET—RIZHLT, EOHADATA TDTFT—XTH 2
MERT 2D 4 DD M (Right, Left, Up, Down) Z/R3 IRV > 7%

NN
S

7B, £I3IRT X I ICAMIETIX STFT D+t 7' X > s Bz OIHARETR OE D
1000 7 & AT 4096 (2NN X & STET O SO 2 fREER DT 2 M1 % B
Z 7% 5 TW3 (STFT JLFRIZ Python D 7125 A ETscipy 94 75 VU RfEH L,
HHEE L CWARWMED 85 X — RIZF 7 4L MEZFEH L TW3)., ZHIFEEK T
BENEEDO X RERAKEOZELE LTI 6NI R, ARZ I RT TN
26 b BRI RS OB S R o2 06, FEEBIT RO REENEET
HBEERTT-DTH5.

#F 3: STFT D85 X —&

NI R—=R PRGN SR
nperseg 1000 4096
noverlap 500 2048
nfft 1000 4096
timeresolution[mSec] 11.34 46.44
Frequency Resolution[Hz] 44.1 10.8

34.1 CNNZHW:, 2714 TAHAEDFEB &

ok DIRBRTETIZAF v 2L DE I BELNRET— %%, 207
ALSTFT ZATWARY bR J 7 LMZEH LT, 4 F v > 27 OfR%Z 1 DOBL
FNZHEE T2 22T, I1KROBEBRD XS BT —XZ2ERLTVWE. ZDDHRY
A T HANTERDE T X < HW S 45 CNN (Convolutional Neural Network) % H
WHEEIC K DR T 5 2 & 2Wat L7z,

A IIHIHIREFNT B VT 15 (a) D & 5 R AR EEEE T L TOY¥
BBLIUOBHZBE L. LU E LN T —T7 e, L LS
ETB2NRT =T UDBFECE VI FEDD & TD 3 NEILEMAEICBNTIEI
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HZHE 2 2 EEE THHTETW2Y, Leave One Person Out Cross Validation 2
BOWTRERERES I TRPo/. 22T, XDHEZED 2720 CNN DFE
BeEPe3T 2, FilChiUIREINZ %72 ChkA RTIEZRIT L. 2 OREE,
BALHNZX 15 (b) D & S5 IZARIZE T L 72 CNN O EEIFE AIAA L 2AGE
ZEDETTEENRE L, SHRBREERESECLIMELZEALTVWS. 7
B, AL TIE, Python DIEEFE 74 75V Th 5 Keras 2 L TEREFE
ETNEFEELL.

3.4.2 CNN QO E#E

B 14 (b) ISR FT XD WK L7z CNN FEEDAND AN T =&KX, 4 F ¥ 27
D STFT #ik % 1 DD 2 RITELANC ERIZ D (4098, 90) DI A4 X TH 5. 7—X
FH A WG T 7 VA BUTTHE SN ATIE» S A 1d3 s, ZDREIZEY
AXBX3)T4NEE64DESABEN2EHRITITHH, ZhLENLDEAA
A8 DZENIXTEME (L EE%L ReLU(Rectified Linear Unit) DLEEAGER I ST\ 3.
INHEDEDESIHREIEH—INTA X QRX2) DIy IR T—Y VI TEEH
W3, XHIZZDRERICIE, 4 X3 X3) 740X 64 DBEAAAED2
BT THY, ZNENOREICTELREB ReLU 23T 5 Tns. oD
2 EDEHAAAEDOFANCBVTEEER THO LN IR EZSEIZ, BAIAA
DT — 2% —HRIE X EHEMET 2RE 2RI VS, Z0%R, HHELEE%K
ReLUIC K B{HA L v v IV AT =V VI 2T o BB HIABT A X (3 X 3) 7 4L
2512 TERAIAAT A X (3 X 3) I BBAAAZITY, BOTEHLEEE ReLU
WEBHB Yy VR T =) ¥ 7 %1To72H L, Flaten DIUHEB Z RV, Z0
%258 (Fully Connected Layer) ¥ Fu vy 77 v NEZET, HUeWHaEL
R, mBRICY 7 b~y 2 ZBEE VT, ABRAT A FLEHECHRIGT 2
4 A DHEERER (Up, Down, Left, Right) 23 1&N 3.

BAERUII He 5 BTIC K> TERINZHDT, —fRIC20EE2EZ 2 b
U= I ZD, BEIC LN EZ BRiEE e U TR B 1 /8
TN X B THERR T 2 R E B 2 - FBUCHE L 22 RS T &
T2l DEA L.
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CNN 2 W22 T L DIERUE, N FHAXZ2 102 L, 48 TRy 7 DY
B x, HEREEE Tcategorical crossentropy] & L, fifb 712 ) X4 ladm]
ZEHL TITo 7.

Convad 4, 3%3
onvz 4, 3x3

—————
—————

Max pooling 2x2
I

Drop out } E
1 ! -

Flaten | e '
W ~~~~~~~~ j Max pooling 2x2
r\\\ F
Drop out ! e, onvad 512, 3x3
— Deme N B T
ense [ B :
 softmax | | <L, Masposting
E Flaten
UP Down Left Right E W
i Drop out
'
i
'

T

E E UP_ Down Left Right

(a) (b)

X 15: CNN DO

3.5 FF{

AWIZETIE, FHRDT— TN ERIETRAVA L ARAZIRE#» LB 2F
FEIZoWT, BHOKRBORRE b OT7 — 7% HWTIHEi 21T - /2. AREITIE
Z DFHEi T E AERIC DOV TR S .

7B, FHET — ZIIARAROUIAMEIR D> X7 2 ETHEMUIAERE, #il
W AT LZEWT STFT OEBODRREDNE £, CNNIZB % B oW E
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AR, 73V X adEE LR & A DE TT o L RIAIKEE T O RHEiAE R 2 fad
LTW5.

351 A—7T—7ILTOANMBOT—2 DG

16 127”75 X 51234 (Person A, Person B, Person C) D#ERENISML, *
nENn, 4HMDRY A 7 (Up, Down, Left, Right) % /FHIEICITV, 4 FFAID R
A FWZOonWTENZER10E GF40T7—2) 2 1y arvel, 7—&Xty
FeLT9ty>arympor—22ElL 7.

7B, EREREFIIANIL 20D, REELD T MR THEMEX
N7z,

(o)

(o)

SIS
maE

)
1= |
'i
|
x J |
1 ™
a4
[ | W=
0B
= (.
B B
E 006

ALl

10E15 0D
204 TF—4:

Person A
yvarey E
DT—4:
Person BO

tyiary
DTF—%5:

Person COD
Eyvarsy .

£ AM(ABCO)EIZ
Lotviarym
T—H8 &R

DTF—4:

X 16: \¥WBDF5— T N2 74 FF—&2DEE
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3.5.2 3 ND#HWERE B ORERSE

3 % (Person A, Person B, Person C) DERED—ANH7=D 9ty arid
T=RZHOTK 17T DI P L —=VF =&ty b6ty ay, NYF—Ta
YF =Xty b3ty Tark LTCNNETFILDO¥EE RT3 EIZAZMERC
THREREEOFHMEZIT -7z, MRER 4I1TRT.

R LT3 DERZMAETORMEICB VT, 95%% B2 %@ VFEE % HH
TETWAZEerbhrb.

35 BI3ZEAREE R

e Toe e e e[ e PP
I sl BB
sl EOCEEE
T
5 (5% 5 =
ke
T [ [mm e

[Pa | 'pa |'pa [PARIFASINA e [ ea ['pe
A e e N I I Y T

Y A ]

X 17: 3 D EIRR MR & B H5RE 3 %D T — & % Hw 72 7

K 4: 3 NOWEREICBT 5 3 0 HIZ ARG DGR

Person A,B,C DF¥FfH  Accuracy
IR G R 0.92

T X LRER 0.95
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353 3BEDODRLRZT—TILTOTF—2DEE

K 181TRT X5, T—7 )L (Table 1), &4 => 25—/, (Table2), °A—
7 —7 ) (Table 3) D3FEHDRELZZ 7TV A v OT =7V HNT, ZhZzhfF
—DEE L7 1 NO#ERHE (Person A) 23, 4 FRID AT A4 7 (Up, Down, Left,
Right) Z F ATV, 220 10ME7 GH40 7 —2) 21y >arvel, 9
tyraryadr—&2ty FEERLE. 7B, AEBRTIXT— 733X
FEARDIET2 2 b D &FE, FFZ Table 3 ICOWTIFEMANICIBIRA K E L Bz
00— —7VEEEE L.

O ‘
e 10
D —
274 FREIE
APEE ()

=
5

=
5

-/ Pz

. ﬁ ]

Table | @
H’.'_:‘}‘"/E ) \Table2 _
DTF—45: ] &F—JIL

y (TLT2, T3
Table 2 D -_ EHHHHHHHH PR
Iy avsy T—4% #HRE
DTF—45:

Do T | ﬁ Il I 0 Y G
X 18: 77— INIBD T —TNAT A T5F—XDES

354 3FBHEORABZT—TIICK B RERE

BT —INVTERRLE, 12907 —IAH=ho0kyarindr—&%E
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3tv a2 LTONNEFLDEE 2B W3 DEIREZBERC THREREE D
24T - 7.
R LTESICRT IR LOREZEBFTETWA I b b.

LG

B 3DETERTE

o e
Il vz a3 il
A el R RSN RN RERNRE)

Il 2 2 2
24 2 2
iz

S I S i
I o ) N N Y
A s S T N N N

@

S 7= V5 D E DS

X 19: 3 3 E|RFZMEEIC X 5 3FEEDO T — 71D T — X & 7= 51

K5 3EHEDOD T — 7B 2 3 DEIZFEMEEDRER

Table 1,2,3 O FHEHE Accuracy
WIHARRETIRE 0.94

7TV X LER 0.98

3.5.5 Leave One Person Out Cross Validation | & 2 #&5E SEf

Rz, BHNEDODNYD AT A4 TTF—EZB LT, HOLUDHAEIATY
ZBRHENROLND NIID AT 4 T 57— ZEHACTER LB ET LT, +9
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BIBEDHERTZ 20 EMAET 5720, KI20RT LIS, 3HDIH 1 H%H
HRE LGEY, BOD280 7 —X2HWTEEETAVRERL, ZO®%RIE
L 7ZFEEET LV HOWTHRERNRDOANYIDO R T 4 FhHAZRIET 2552175
7o BB, FET—&, BENRT-XFHIC I ANYZD 3y a v TDRTA
TTF—=RE MW, %7z, FHEE3HOBERE DT — 231 BT O RD T —
R3S RUFHE 2TV, 22 NOFHIifERD %KD % Leave
One Person Out Cross Validation TfTo7z. R E L TE 6 IR T XD ITHEIX
0.67 77,

raining data validation data

o T - [ B =]~
EEEDDR- Oa

|
35 g DoBEGo-onm
L]

g

FLEI: PerffmA Person B Person C
iPerson Al DT—H: DT—%: NDT—%:

20: Leave One Person Out Cross Validation 12 & 3 ¥& B 3T

£ 6: 3 ANDO#ERE 12 X B Leave One Person Out Cross Validation 2 X % it

Person A,B,C DF¥J{E  Accuracy
WA IR 0.52

V2= ON & 0.67

3.5.6 RHENROANYIDT—2%EEBML IS DEEDORES

Bz, K213 &9, MENRUANAD A\ 28%0&%3 2y a DT —
22, BHENRONDOF—&%2 1y a v BdmiT, FEETFNLEER
LG E0RBERZHERLE. ZOEBZZ—FRHEHL IS T35 7 — 7 LIcH
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LT, 60 LOHBINTVWET—RICHEBD AT A 75— X EBINERL T
HFHIT2G5A8%ELTWA.

WRERTIORT. BRERZ2 L 2V 4 THAERBHE T 2R\ OF— 2%
1ty >a vz RGEICBVTIERELIEENMELTED, HMEDHE
3090 ETCH EXBZZENTETNS,

(FERinG data - g =Validation dat™

A eLEEE R -~ a0
e  HEEEAEE-EO - Wdd

o ¢ o NNNUEUE@E ~EEE

=7

AI: Person Person B Person C
DT—4: DTF—45: OT—=45:

X 21: MHNERD AN DO F— &% 1t v > a ymBIL 5E Ok 2

BT BRENRO DT —&% 1ty > a 55BN L 7=5E ik E

Person A,B,C DV Accuracy
WA IR 0.74

73 X LER 0.90

3.5.7 Leave One Table Out Cross Validation | & 3 %5 EE T iff

RiZ, M221TRT I3 DDELZT—TNVTERM LRV A F7F—%2%H
WT3D2D55D 1 D07 =7V EBERGRe L, MHENRMIDOT—T LD R
IATTF=2eHOTEEET AL, ZOETAEHCTHRIENGRD T —
TN EDRT A TEEO RIS 2R 2T o7, kB, FHT7—%, Wl
TR T — 23— AD A (Person A) SR T £ TEEZRITWV, 1 DDT—T)L
Wb 3ty argdr—XEfAW. R, £SITRT X ITHEIXKL,
03512 &% o7, MENPELRVEEIZOWTIE, ERICHWAE32DT7—7
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NMEIBDZTIBIRDRKRELS ER D DDEEAID, T— 7NV BOEEREEL Y
FERICHIF L TRELSEDL BRI X—RIZED, REOFHEBBILEN D TEZ L
B—HeEZ NS, 72720, EDELDT—TNVDT—XE¥EFXE52LT
FEEPWET 2N DH 5.

m—— | Triningdata
e | e
g 0 | 1l el I I~ i
ﬂ" INDUWE- aEE

A, Tl ! E Table 2 Table 3 E
S DT DT—4: NDT—4H:

22: Leave One Table Out Cross Validation 12 X 2 ¥5 B 3T

£ 8: 3 DD 7 — 7 )L% H W7z Leave One Table Out Cross Validation @ F1-ffifE 5

Table 1,2,3 O35 HE Accuracy
WA IR 0.34

v 2= R N &< 0.35

3.5.8 RHMNRDT—TILDT—R%ZENM LI5S DFEE DR

iz, BHNRUAND 20D T — TNV THIF L& 3 2y > a v gD7—RIZ,
MHENRTH 2T —INEFHoTER LT —XE 12y ayDAIMAT, #
BETARZ M=V LG EORELZHR L. ZOERIL—-—FHEN
FRLEOT—INMZFH L 2RO, Ho620TCDX Y >a— R LMD
T—TNDRATA TTF—=ReGOET, FREOT -V EHoTHHDRAY A
TR LFE IG5 BELTWS.

R, RIIWWRT IR T =T NVDRAT AL T =X %1y ay
DAMZ 2 Z & THEEFRIECHAELO0SILIELTWS., f YR —Txz—2¥2 L
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’C@)ﬂ?‘%?’:&)b:&iiﬂﬂibié LR DZWEDKD HNBH, FEEHETNERD
— XM ESE 2R EDTRIZED I DAENTE L A[RMNEDLD 5.

~ N
WUUWEEE-E3 ~3BiiE

g Y | DEEEEE O » @dE
= “f DEdEEE @ -@ad
e ﬁ Table 1 Table 2 Table 3

m S [“M: DF—%: DF—%: D DF—%: E ‘

J

X 23: BHENRD T —TNDF—&% 1 £y a imEhlLEE RS2k

K9 BHNRDT —TADT—X% 1ty ¥ a yiBINL 7586 ORHillik R

Table 1,2,3 OFEHE Accuracy
WIHRRET IR 0.68

73 X LER 0.81

3.6 EX

C DOHITIE, WIFEDMRITN T 2B EHFRDOILRICE T 2 Z LI OV T
N5.

3.6.1 FHMAEERDER

AR T, BB AAFELEMI TR VWA VR —T7 2 — A% FHT 5
e, YRAT LEARD EEEEOERP, RESCEMOEREREZIROZENTES
LB RT LAEME L. ZOMER, BAGIREIE VYRR, Y X —T 2 —
AT AT LZER L. RKEt O ERACHFBORNIAEDIPHTH, AR
BRIz 2 e ZIRENCE DM T2 223 TE LD, LY H T4 R
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2EET 2 NOHICHN R WEIEEETZ 5. 4132 OIREt >R %
ErLT, ABRKED S b7 —7 %2 —fle LTREIE 2 A0 6 R0
RKREBICEHE L, AR EZ AT A 755 & ZITHE L W53 iREND &84
ZMIHT 2 AT LRHFEL, 4TADRY A FREDB DA RER H 2 I & 5>
W L7, ERTIEFEE e MENRO -7 — 7V ZEE LTz 3 0 HIRZEWGEE
WBWTIEREE 0.9 2@ R 2 mWHEENHERTZ TS, MIENRUNDOAY)
DT — R THE XE72F 7 WIZ X % Leave One Person Out Cross Validation %, %
HXNRENFTEIRORR 2 7 =T NVD T — X THE IV ET NI XS Leave One
Table Out Cross Validation TIZFFEMR TN T2 Z & R I Nz, LHOLRD S,
M#E e DICZNZIENRD 1y > a v DT —XEBMT 5 Ik DHE
FEI3KIEIZEGE X, K7 Leave One Person Out Cross Validation (2B W Tl —
FRHEPLD 1ty arBRIT—R2HRT 5L THE0I LEHZR
SIATRE G EME &7z, 723, Leave One Table Out Cross Validation IZ-DW T
[FIFRDIIF TR 0.81 & 2o 7eh3, EERTHW3 207 — 7L DBIRIEH 2T
RECELSTEDVHMULOWEHFTERMLTED, Z0kDIDIEVEROT—7
NTHIIKEEIZX HICBET 2R D 5.

INSDRERZ ST TERALIZBVWTIEX, 7— IV BICEHEX—H—Th 3
BEOREORATA T =2 2T 50, $EZ2L DD 056215 T
TR WL LN Z S DRV A T =R L7 T — 2 X— 22t L,
INBLDT—RIZT =TIV EBALILI—F D1y > ayFOBET—X%d
ODETHHAL, EAZTRTLZZREDFE LOTRIITVENLFEEET N2
RTHeT, FHNREEZRONLEEZS. EHIT. TP 4 A%k
Y OELENE & FEE ORI EME N ROBERZFMICOT L5 2T, Y
Py M OEERRCHEIEE OB LR LR ERIEERETO TR HHOETITS
ZET, SHIHEINEINLIEEZONS.

3.6.2 IREILHDIEEICEHT3ER

AMETHFE LR 2=y ME, PIVEF LB D 2&RTIMNHE
Bt 3 OFEMEZIGHLUTCHBELE. LrLaRs, PVET RIRITIZED
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DICHY T2~ 7%y NOERIZOWTIE, AW CIlIHREMEDO BT O RHIAEE
IhTWiz, 22C, AMATHEHALLYZYEFEHVWT, 72y FOHRE
L EE O ZAL OB RIR E fERE S 2 120 DB INEBRE T WVERDOER 21T 7-.
FERIIX 24 1R T X 512, MHREDICAF —L 7T L — b Zi&KIT 7= IREE %
BL, 2oL~ %y bEBELVZVETERBEL, UTNORTFIEIHEN
—ERELLD Sin [ THIIRE B, BXONRZETVWARVWROY LY R
FHhroDEBEHILLVE, 73y NOEERAZIERD LR L TIT-o 7.
i U7z Sin I OEERIEEE R Yy b7 —2 7 F 5 4 %% HWT20Hz 2> 5 20kHz
DHEIPFTHFANCELZE, 2D 2Dk 206 HXNBESDEIFREINE
PEBHAL AL LTHEZRELTWS., $RERBIOVTEMUNOFETEYDY
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