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Abstract

MEASUREMENT OF MICRO VIBRATION OF CAR

— DETECTION OF BIO-INFORMATION IN THE CAR AND APPLICATION FOR SECURITY —

Kosuke Masuyama

Abstract

A penetration of cars continues to grow, and a wide variety of crimes that use a car increases concurrently. Examples of
these crimes include the illegal immigration and intrusion, which are occurred by human hiding amongst the car. In case of
crimes, border controls and security guards check up on car by human beings or X-ray. These have problems such as a false
recognition, a cost of appointments. In the specific facilities, other problems by hiding behind in a car occur. That is an
invasion to the gated community which is an area of houses and condominium buildings etc., where a fence or wall
surrounds the area and the entrance is guarded. In addition, the problem that an infant dies of heat stroke due to letting alone
in a car for a long time increases. Against the above-mentioned cases, the mean which find out human in a car is effective.

In this paper, we aim to develop the simple system which judges a manned car or an unmanned car. The system
determines by means of checking if a vibration of car includes a vibration of vital signs by human in the car. A sensing
device under the car can measure the vibrations of standing vehicle. The system is comprised of a sensing device, a filter
circuit, and a judging circuit. We developed two sensing devices, one employs a piezoelectric ceramic sensor, another
employs a capacitor microphone sensor. And the filter circuit extracts biological signals in a signal of a data from the

sensing device. The judging circuit draws a conclusion from a parameter calculated from the data through the filter circuit.

Key words : automobile, security, a piezoelectric ceramic sensor, capacitor microphone sensor
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, FHA L 720 MREME B S A BIRE 2 95 2 L TAMOFEN LN D EEX NS, EREEFTH DO
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Fig.4 Simplified block diagram of the system
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Fig.7 Mechanical configuration and physics model
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Fig.8 Dynamic mechanical characteristics on the physics model
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4. 2. 2 FEBEFZIvYX(Ceamicg)lz2LVT
JEEE T Iy 7 ZAPEEEREE Y O—2 L LTRSS NG, EAKG PSRBT, SR TORLIRIZ
Lo TREEXEDTHIBRTH D, U a5 iEage, R, Eb, Suikis EOERILEM DRk
TEMR, TR, W7 CIEEEEMEIORRE L THW LTV D[12].
PEE LT
WL II RS, MerEmdRd 5 2 &,
BRI, MREEENIEDS NSO JRFTR 28 R MG HEE IS /e S vz L.
MHEAMEIC BN D S, BVEBRAE AR Z LT\ &
GRELVELS, TIAFy I LVE N L.
EWVWOMEEN ETFONS.
4. 2. 3 EEHRIIOLT
PERFERIE, ERDE U EEE AR T DEER &V Rk E ©o[12].
i e (SR I 1 &2 D0 2 2 & IR IS I L 7o R iR & AL US4 D5 (B, ISR mICER 2
TEIXGHEEZ I LERITHHILIZOTHREELDEDER). ZOBRGEEEDR LV, EEDHRLF
OFEEMER A SUIEEERE NS,

i
)

H—

E%%Tm,mﬁT&UEﬁsﬁ%ﬁﬁﬂﬁﬂﬁ%k%ﬁE&@ RENL D (BRI NT A —HF) & BNEIERR
ENLTHWIEORE>TWD. BRE, BKEMDIINI METHEND 3ODOSEHFD, o T, BH
s

G T Y VETHDIND 6 DD A FFD. FidhC# Y e Fih 4 HTiked, D x, y, z HAOERD
ok R, B, E;, BREMOESZ D, Dy, Dyl 5. IBHOKIDOIHx, vy, z TEORETI DK
%0, T, T, CABISHE T, T, TieL, BRSO bREESREZ S, S, S, CAMELE S, s;5,
S &I 5.

JEEBERIZIGAT B3 b 5 &

S =sT (17)

RHOTHERET D,
Tk b TEBIEDRIC L o TETHEI L 72BN

D=dr (18)

aHELD. WCEREZNAD L

D=¢E (19)

ROBER/EMNZLELT DD, £ OMIZEBES R L > TERLAF L =B
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E=d,E (20)

ERATD.
L7=ho T, EERIGNT LERE PS> T2 GBI ET 28R S LERENM DI,

S=e"T+d,E
(21)
D=dT +€'E

BL, e WarrI547 0 A(E =—5F)

TEband. £z, ROWILEREPZATT & DITHOVWTHLS &

§=s"T+ g:D
(22)
E=-gT+(1/e")D

LRDOTZLINTED., 22 Ta TEEEER, « FEEHDREEFTND.

A

7
N O Vs )

J 2(») T 2

/

1(x) 1(x)

Fig.13 Stresscomponent
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. 3 EEEHAAT 1 L2 EBROSE

3.1 EEtZIv/ROEMEHEE

JEEETZ Iy 7 ZFEFREKICEWCa T o LRRICHZ . EEET I v 7 ARG 3 INb 5 &
JEBNRIC LV BEDNHET D0, TOBa T o EWHIHENLEBET I v 7 ACBEMBEZX LN TLE
W, EBERTELHSNEHDERICEmAMMISH, 2EROHNMEFIIRLERBERNTETCLES. £h
Wt LT, B EKET D L) v S LR AIEEY T R v 7 AR A AN EE T 5. IHTEE IM(Q)
L, FEEHULCR =0.01ms L725.
4. 3. 2 4KESEETsLE

Ceramic Sensor LPF T LPF _\
Time constant 0.01 sec e {16 Hz J‘ e {16 Hz

Fig.14 Structure of thefilter circuit for the signal from the ceramics

MRLRDEZFZEREZTHY, DHEETHD. LESORBEEARIT 0.16~16HzL L, FEAKIS IO
TOERGEE N2 ERFERNGEET D, L UEEET I v 7 AERICEYE L2 hiaik, BEEEET
BB SHZRNEL EENTVES. ZHERETBEDICE YD ANEBITART » FLM324NE UV 21—/
T4V H GE T, G & A L, AMODHAERS L 2 LABEL, 16HZLLFE Lz, 724K
il 500, 1k, 10k, 20k, 50k, 100kQ& L, HHMERAZAIZIZ L7z, BEORIRICE D /A X%, ANy 7 7 EE
ZEPEMNICHAAND Z & TREEZ DL, WES LGNDOENAEITA 7y NS 2 Z & TRIRT 5.
EBIFE T ICIZAC-DC 2 o N— & TH HYWISI5A(2 — 4kl 2 Wiz, 45 47 v 7Ok % Table 112,
YWISISAD AR Table 21277, BUE L 72 [EI#E OBl X & Fig. 1512~ 7.

Tablel Specification of LM 324N OpAmp Table2 Specification of YW1515A
Charging-voltage V+ 32V Output power 15.0W
Input voltage -3.2~+32V DC output +15(+30) V 0.5A
| +4s7
1006 % _H‘SVJ_ 10uF Ik A"l"e(m
< =
< . 50kQ2 i
— ceramics LA 1t
s 0.04uF
oyl S 100k —o 1kQ 20k, | 1~
. <[~ ‘I‘\—J\U'I‘F AW >__o
Q = I L e [ &
@ o1 GNlp 1M 10 VW
Eeamid
> 0 L W\
> ul
50002

Fig.15 Circuit for biomedical measurement
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4.4  FHAERICEIEELT I v I RVATLOREE
4. 4.1 RBAHZE

BAR LI v AT AOHEMIZH T 2NAMERFET 5720, B, EEORLDLITO 4 BHEZ AW CHNETT .
R A B (Lyra : =28 A BB T 3EWE)RY), A H(Debonair : =2 H BB T3 BR)RY), /32 (Vanette van : H £ H 85
BBH#D, 1.5t 7 v 7 (Dyna: b I X HEEFRDIYOEEHOZ A Y E LU TTF NS 2O LICHBEL, AR
BB LM ) RIECTEINAAT S . Br v v 7T NS ADREALEL, KHW, AL &m0 280 & Lz, HBREK
174, BHEMIZIBWTTable IR 9355 THe: L72REETRRIZAT 5

T — X O HIEIL 16bit ADT L NR—F (Y27 Y U T 10ms, XA FI v 7 Ly PRSV)TH 7Y v s
21024 A OKFRIZ 10.24 FIZPCICEL Y ATe. Figlbic 3 v VTN, AR EEEZ/RT.
FRHEICH OV D ERERZE F, QNG NS 20WEE A 72O TOFME A # 5. AIXEANF,
WK DHENF,DLFEERDL, ERREWVIZEBIEREN L L2225,

A = F,of manned car / K, of unmanned car (23)

Fig.16 Photograph of the sensing device
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Table3 Measurement places on each car on Ceramic sensing device
Type of car
Automobile 'nm
( Debonair ) 7
1 ’\
D =
Driver’s seat Back seat
Truck Y~ .
I f’:: ES
(Dyna) e :
Hang Loading platform
Driver’s seat Loading platform On the roof
side
Light car
(Lyra)
Driver’s seat
Van
(Vanette
van )

Driver’s seat

Loading platform
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4. 4. 2 EHEOBEHRE

HIRIEZ EOA N5 &, BEAERE £ Hz CIREIT 5. ZOBEARESK £ Hz 20585 5720, £E
I Iy 7 ATy ()T S (1), n ODIMREIDO LG ENDREOFAT —%, DOF 0 EADREOFHT
—HIZERT D, Bk RRE T CEHII L7z 2.5 x 359 @4y DIEAN T —ZICH CAHBE ATV, HEVEOEAIRS)E
BHEA A R D729, 0.1~1.255(0.8~10Hz) [#TH CAHBSRE RANEIC 2 DM Z RO, BESTE2ITS. £
TERBEDE A T T L EFGANT—ZIT LTHRDS.

1201 1401
100} 1200
100}
3 8 3
5 5 80}
% 60 >
()
& & 60
401
40}
20 I 20,
0
0.1 0.2 0.3 04 0.5 0.6 0.1 0.2 0.3 0.4 0.5 0.6
Time[s] Time[s]
(a) Unmanned car (b) Manned car

Fig.17 Histogram of the natural vibration

Fig.l7d(a) IZHEAN, (b) ICHADEFRBBOHESHTEET L X M7 T 2% T. ()T, 02~025s51Zm0
BENHY, &7 —FICHTHEAFITI8%THSH. Tk HIRNERN NI OFEE ST -0, BEAES
B foHz=4~5Hz(1/02~ 1/025 M) TEEHTDH L VW2 5. £70)AANOHEESMICBNTY, 0.2~0.25 B
WCEWBEER RO, BADEEICSEFREE f Hz=4~5Hz 8 EL TWDH E VR D.
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4. 4. 3 EHARRONRI—LEREEDREE

Fig.18ICRERIND K Z — G 2 m . FHRE RIFEERE i RO G E, DRIREY, (REHREI D 2 3
= AT ens. DREBRIIIE T y () KEENDIEERETD S0 > Sy DFE &V, KREMREHRIL
Su() <Sp(t) DHBETH Y, KENT LV DIREVICERFFIREIN G 0556 L 975, #URICA U RENC X E
FRBNEEND Z L3N D. AT — X OFHIFERIL, IREIRDRWEEET5. AAT—H@ED) EEA
T — % (c) TIHIRIREOE NN B AL, Table 4TRIN D K 9 ITIEERZEF, 28 EEE LTRHWDERMEN LTS
ns.

=

]

50

8

G

>

time [s]

=

(]

n

]

G

>

time [s] )
( b ) Bodymotion vibration

=

0]

&

S

>

time [s]
(¢ ) Unmanned car vibration
Fig.18 Waveformsof measuring by the ceramics sensing device
Table4 Resultsof Parameter “A” on each car
Automobile ( Debonair ) Truck ( Dyna) Light car ( Lyra) Van ( Vanette van )
front | rear front | rear front | rear front | rear
Driver’s 1.27 | 1.71 Driver’s 1.61 | 0.94 Driver’ | 4.47 | 2.09 Driver’s | 9.13 | 1.07
seat seat S seat seat
Trunk 1.35 | 1.76 On 2.34 | 0.84 Back 447 | 1.90 Loading | 6.49 | 1.98
the roof seat platform
Back seat 1.16 | 1.69 Loading 1.71 | 1.1
platform

Under seat 144 | 1.53 Hanging 7.01 | 4.16
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4. 4. 4 EE

ARETE, EBETI v 7 AR IT N AORBEEToT. BB LB VU 7T ZATHBHO
WUMRENZ FHAICE, AEFHIH 7 c V2 ERIE S E AT 52 LR TET. E7AKREHIN 7 1 v ZEIEE T
16Hz O LPF 1T o T iR & JE Bt 2 2 & T, AREZEZHME L TWD Z L 2R TE . 4 HfELZ VW E
BRICE Y, EREICRONTEL VU 7T AL R LI A YERBETDHZ LICE - T, MM BRORET A FHEIC
XD ENHERTED. AN, BMAZHET HFEESE UTEMERE R 2R, AABAOZEENKEN &5
LZEDHEMEDN BT bide. L LEADYE, SMTERETAELD /A ARE) n()IZLHFROIRBIN G £ 5
A0, WENCEI7Z 22500 IRENC KV, Bl £ 0N LRRHIE SR CLE Y BA DR D o 2. 1R 2ED K
OLFMEAICER TS LEEET I v 7 A PR EO TICHRE 5T, BIEFTREFIFE AR E S b
Z &, TOMAMERBEE LTHT i, HEFTRERP, MAMEDm EE2E2 2 0ERHD.
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5 aAVToYRA4 o074 BEe LT TINA RO ERETE

5.1 AVToYRA YD T VBE UL VT TN ADRE

JEEBET Iy 7 ARV T TN, AOBGE T, FHIBRBE~OWAMOREARME L LT bz, FH
BELCHAEZ BT 22008 ERLE LT, WBREOX A YOMENRESHARNT &, ESLHmIC X 54
WZRT2m AR MEDOH ERHD. U LOWER MRS Db a T oy~ rnrx My 771
A&BIET D

Figloict v o v 7 F R 20 &% R . E£7-Fig20icZ DAV AZ#EE . B oS Ehv ey Thray
T~ A 7 v 7 g & Y (condenser microphone sensor)(MX-E4758 : (KR) 7V ERH[&EFF 212 W 5. BRI A
Ry VBEMDAN—Y =R, V) arFa—TueAX—Yh—0OMIFHEAT L. Z2LTF2—7 ORBEFICE
NV EEETDH. ERENLTHEERMDE Z Lo TEASNETF 2 —TMEEND L, Fa—TN
DERFENEAL LENE L E o TavyTF o~ ru 75 VITRBEEBAENS. avF o~ ru7 s
NITEEEEE R ARV D. G SN ESE I AEREHIA T v X B E S LB S LD .
ARTNA 23 ) arvlloF o —TEZHANR, Bl EOF o — I _THEREMELS, BH
M ENSIEDIMD > THEMEETE LIZ WIEDBEEMNMET LW EX3FLEE LTH Y, MAMENRIZILD.
arFrhsAra T e TR ATV arF a— T EOBERZEROEN B A RIS DR
HTHY, YVarFa—TORSRRELTELZ T VXU TR TE 5720, e R EERHTR ISR
HTENTE, REREFFARBMORES T ENHRD. ZHICE D FEREICHISTE 25T AT L% HE
B9 52 ENMKD. ERARGHATZ V2 2A0EZ L TR ERBEICAREEZIHT 2R T, B
B A ADHBEMA D LINTE 5.
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l Sensing device

Cover board

-t

Cover board

er
Silicon tube

@

Condenser microphone sensor

Analog Filter circuit for Bio—measuring

Sensor Carrier Filter Detection Filter

HPF + LPF HPF + LPF
VCA > > S
HeEm e X i Hi oo

Fig.19 Structure of the condenser microphone sensing device

Fig.20 Photograph of the condenser microphone sensing device
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5.2 avTFuYIA4 /07 BEUIUTTIS AOBE

Fig2LilBUE L= o Lo I F R, ZOWEEZRT. Il DB Y R—FE2 671 v Z7IZ4% L, 1.5mDv U =
VT a—TEENENICEHET DS, TNENOTF 2 —T7O—mANEHICENE P EFREL, O —HFOROM
EERTD. Fa—TOREER 67 uy IR TAZLICLY, ENFROEITE Y RHRT HREENLK
ELRY, BERNLETD. FEAR—Y—2HENZRTHLIARN L VEMICT L2 LICE->T, Einbod
Moo TEE, ENOOMELT TRIENODOMELZ T D LITRY, Fa—TORBEMNERELTDHZ
& MTE B(Fig22).

001

40 Fig.22 Deformation of the tube by external force

10 90

EX0 Ik

Monaural jack Microphone sensor

( 10mm) (dia.10mm) .
(unit: cm)

Fig.21 Sensingdeviceincluded the condenser microphone
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5.3 OO UTTFIRAARDY ) A F a—TDRE

BUET DE LUV TS, AIEREORBERFICTILERN DD, T BV TAWEEDOREZ M % FF
TERDEDIE, V) arFa—TOREFECODWVTRETTT L. kv ) arFa—T7OREFIEELHRTT5
EC, vV arFa—ToRSEREOBRICER LTV, Figlilv ) arFa—T70B5EET VERL,

UFOESE EREERTD.

Fig.23 Pneumatic model of silicon tube

V) arFa—T7NER

v arFa—T7NE

D ZER D B

vV arFa—TIThNDT

S vV arFa—7IMb b oRERE
x LBV arF a—T ORREN
AP : Nf IZX BT~ h L ANEE{L

=~ e v

Fig.24 Physicsmode of Pneumatic model

Fa—TOEBIZL DT a—TWNEAERIT, BOHLANRROETEELEWRD.

PVY = const

R DWNIRENZAL AP IZHOWTRD 5. EFR(24) 2T 5.

iPVy +PiV7 =iconst =0
dt dt dt
1 dV

dt

i‘UiVMyPV 0
dt

£:>AP N d—V:>AV
dt dt

Ap=_YE Ay
V

(24)

(25)

Z UL R S 7 22 AR AV BB & —%PAV EUEAERT 5 L2 5.
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(y
v
e}

AV = Sx (26)

AP =-—3S8x (27)
V

ERTZENTES., ZIIEB SN/ TRENE LT B L, JTENBZNITSE U TELT S Ea2RT.
O S =T D &

s.ap=2L g2, (28)
v
Ehes. B ISR UTERKIEROIERIL Y S-dP = £ 3k 0 Seo72, 71 £ 1
=1 (29)
s, ZNEFiQ24D L HIZET /ML LT b OIS L2155

vf:(k+ka)x:Z;zS2x (30)

LRDDLZENTE, k T Fa—TNOERNSIER, k, BRHERMEDNAIMBREERBRT I ENTED.
X BHELTEETS L

(31)

PREDND. THRZERARICE ENDFHBEMFEOASRBEHORE SITE T, EMEFIC LD ENL RN
ETDHIEEEHRLTND.

A TR D FH S 2T DTFEMEZR EDOBLRNG, LU EASARBREOEWEM A LR, BLEORR
L0, WINTEDENEERELGLEDITT, DPMOLREMS 2 RKE<TDHE, 2T Fa—70
EHHHEx 2 RE<STHIEBRRBELLEVAD.
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5.4 AVTUYIA /0 TF D ORBEHFEWETIL
AT UV A a7 AINREE T DA, EBRIRE A ERICE R T AR ERER ), EA
BT LFEEEDVAVWIEFICHEMTHD. T TYA 7074 v OB E EMICEAET 2 72 DI 30
TIEMEST D, 20T oI~ 70 73 AU TFD S SDOER TR EIND.
() THAAARIEEBI B
Q) KABMOEZ NI LT FLy N7 VA
B) =7 by M7 4 VA EXHT R D
@) TLZ by b7 AN ADEHEEES F v N
(5) BAZEM & T v LV SNOPAZEM 2B <A Y 7 ¢ A

(6) FET /) HibE s
| Electretfilm |
L:length Q :permanent electric charge
r: radius m:mass
i k :stiffness
— D :damping
A : cross - sectional area
Output Input acoustic
voltage ¢ () pressure
e(t) : input voltage to FET
G:gain Back chamber
R, :input resistance (1) :internal pressure
C, :electric capacitance V - volume
Fig.25 Structure of a condenser microphone
(2% [E%
p(t) AT aTF L ~DANET Q0 L7 by 74N AICERDNIKAE
e () : HIEE T
p@) : HWETF ¥ U NONE m : TLZ Ly N7 4L AORESOERE
W) 1 ELZ Ry N7 A A LAREOEN D M EHEEIC L o T E DR
ety : =L 7 by M7 4L AL BB OB k: =LZ7 by b7 4V AORIMEEE
i(ty : FET ~OER A RS O i i
e(t) : FET @)\jjeﬁ G : FETi%[pEuno)b:/r:/
[ BEE$ & 2% R EXKHEH
£ EROFHER C : WEAE
V.. VRS (V =224x10°mmol) L: Y74 2ADES
ZERD B (7 =1.403) o AU T ADNR
22X DRNEAREL(17=1.8%10°Pas) v oo BET v N DOERFE
BHET v o NTBT D 2R DM d : TV MLy b7 4L L EMOMR

KAJE (P, =1013hPa)

oo NS N

KAREE (R =8.31447IK 'mol ™)
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I TCEKMEITZ—ETHY, T v SHOENEALITEEVRIET, FET D AJIA B —F o AT &
RETD. +25&, avrsFrid~s a7 OEEZUTOHFERTIHRHTE 5.
WHETF ¥ o NI BIT A ENBDFRRIFIAN—F v =RT XA 2DEH| & BASAEOREF R SE N

RT 1
()= V~7®Lfb()pmﬁ (32)

LY My N7 4 AOEEFRERT

d*x(t) | dx(r) 1o A
M DT ke S () = Api (0= p() (33)

LFRYE, EHIZOWT=a— b OBEHERINOHHEEZGDS. SHIZT LY Py M7 4V AOMMENRGE 2 11
BD. FLTC, L7 by M7V AEKREZL S MLy BT 4V AHET LW ET ¥ L NDLERD AR
& D7 v 7 OERINGE 3 FREERGD.

~A a7t ¥ xNvH L FET AJEio HREAL

o) =2 (d-x(0)

F{mw+&mp%m (34)
e(t) = R,i(t)

Td Y FET 76O EED HFRAIX
e (=Gdr) (35)
ThHY, Thuxv ) arFa—T7ICEE S EGAFQ50ORRET VIR D.
LITET Fa—TIANBMDY, 27 Fa—TPERT LI LILoTELDEIBa T~ nm

TH VAT END. ZTNEAEFHIAT A VZERIZADNT S, RIIT7 A NVERIBICEENDHFTTHD. L
7o TH(34) (85) 2»HR(36)0135F b, FKICAT SN DEFIXERLE) 75D,

1
i ()=—G
i (1) X, dt) (36)
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5.5 EREHAIRA T 4 L2 EROBR

5. 5. 1 BFEOHM

avFrhvArsu T b SN ERE DD AME S ZERE AT 5. [13][14][15]

5. 5. 2 4&&EHAIAT 4 L2 EROBE LB

arFrwA a7t OMIDCEEBAMHE TH D720, FIFEYIBDOLow Noise AMPIE /Ny 7 7 [A]
L LTHEMAL, ACH v 7V 7 TRE:DLow Noise AMPIZHERET 5. ) L~V () JE I SR E A B 7 o
THIFE—DEBFARB Y AT ABNEHTE 5 L9, Fig26n A v ¥ —7 = —AAH %2 OBEICEHET 5.

‘ Current mirror
Sensor

Filterfor Filter for
— Detection .
carrler wave detection

‘ Current mirror __Time Constant |

Fig.26 Structure of thefilter circuit for a bio-signal measurement

(A) AGC #g:ftE

VAT ABRDEAF I w7 LoV EFIET D202 AGC BB A RTENCH 2 5. AGC [BIB %A #% B O fRiE
LAV EHERIERICT 4 — KRRy 735281080, LAV EORERANENTSA, AGC 7 1y 7 LIk
DIRIE L~V & JEMET 5.

(B) BxMiiIEgELA Tty bxitk

T 4V FRIBE T DO LV ERIE LUV E THIBT 2B THNWS. 74V ATEFIEZFA T Iv I Ly
T OMIBES & EWHE S OBRMIIR L TREIND LD, 74 NV WBHEOEE L ~UIHELTLES.

F 72 LPF, BRBHEEROA 7€y M EE L E FREOMIHERERIEICATTD L, miEgotr 72y »
DRAET DT, BRSO, %ETACH Yy 7 VI E2ITVWETA 72y bERET D, BEEiERO
TA v ERESHRET DHEIL, 74 VZHNEBEBBIREAN DA =T = —2% AC Ay 7Y 7ITT
HHM, A7y NRHATFTIv I LU POMRICER 2D,

(C) AL FZTF— (Currentmirror)

~A a7 e TICBEBESNANENDE LT N v I T4V ARER LEFOBIBINAELD. £ L

)

TEFDBEENNRAIVATL Z S IC L > TER L@ BAEL S, I b7 —[RIEECIEEEER & A CEOERE
RS LHAL, MO SN-BRISIMNBAMRIIC L W BEICERSNS. B Ly b I T —RIBEOMEEFig.2712 R
T ¥ NEBOERYT —# %Fig.28, JEWREMANT L~ b D AFig.29l =7,
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ll

Current mirror

SENSOR I+ |51g
I l

Current mirror

Isig  Vsig

Fig.27 Structure of the current mirror circuit

(D) WEEI 15

EIRMEZFD—DTH D LHEFOREE L TEFBREA R H T HND. T2 THOWDHEKR T 4 V2 13E DR
T LTI DI H BB S D T 4 V¥ Th D, WiRHIEIE 8HzOHPF & 12HzORPF & L7z, @il Hk OFFTH#
TEAFig.30lC, MmfEHAM 7 — Y 2B LI RIIT —ZIZ L b Dad I —! BRILBEOMD A, IT5
7.
(E) #xtEdis =Rk

Pk 7 ¢ L 2 IG5 UieHE R ES, B [E]#% (Detection) 2 FIVN 2 2 & C @ AR BUC T U T HIRJE
AT 2 Z &SRS, BIEER 2 @i L7 E 50 b D EFROE B &2 fhiH T 2 72D IT i 7 1 /L Z (Filter for
Detection) & V5. Fig.321281} 2 H W B HERHER 2 181 L7 O, R TREND b ORI % iH
WLTERTHD. BB SNIE SN LEHIRO N RARRAT7 4 V2 2R EE 5 Z &I Lo TLnGE
FOIARRE T . i U2 D A1E 5 0 BB R & L 72 A Fig.331o R T
TZIZBWTHREESOEIY 7 1T S . MHEREE S IIEE T T ASFRCA 78y NERE 5720,
DCHE S CHIIET 5 & A BB O M AN T T 2 HROA Ty MafT 5. € 2 CREBHIBRO AN S
BV TTHHMNTACH v 7 ) 7RV EERT L. R BHIESR DA A =X U ARFGRE T

X, ACH vy 7V v T Ha T o REiB DT N a— i ILPF ORI B3 72 < 72 B

Voltage[V]
o

0 2 4 6 8 10
Time[s]

Fig.28 Time seriesdata from a condenser microphone sensor
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Fig.29 FFT datafrom a condenser microphone sensor
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Fig.31 Timeseriesdata by theinverse Fourier transform of the frequency in the range of 8Hz to 12Hz
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Fig.33 DFT data of the data through the detection filter
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5.6 AVTUYIA /AT VBEL LU T TS R K HEBIERET

5. 6.1 EBAZE

T T TR AD EICA B (Debonair : —# HEIE TEE)) A LS, FA, BAOWRECEHETT
V. AAYOBREEINIV Y a0 Fa—TOEEE L, HBRE24 TITo 7. 7 — X OEFIL16bit AD= /3 — X (W
7 T EEI0ms, L PR25V)TH Y V7510248 OFER 22102445 I PCIC U Y AT, FE - AFEEICHW
DIEEIR RO B NE NIKT 22 72 72 o ( 23 )OFHIHAZ AV 5.

A = F, of manned car / K, of unmanned car (23)
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5.6. 2 RBRRRLEE
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Fig.34 Waveforms of measuring by a pressure sensor sensing device

Table5 Resultsof aparameter A on Pressure sensor sensing device

Automobile ( Debonair )

front Rear
Driver’s seat 46.0
Back seat 428

Fig3aZFHARS RO 2R T. FADRERINETE, ENFFTABE AT b D Th D, HADEBIZILLHES
DR CH D IHzE MR R NS . WA DEEISEIE LU PMRNZ L3 25, FHlifiiA% Table 512
AT ENSEN, MACERHDLZ EBNDND. BRICEV BV VU I TS A RICHA Y EZETDHZ LI
FoT, MUNRHEROIREZFHI T -2 ENERTE S, 2 L CHHII L2 BB T A v a VI K A EA
BBy, ERICABBWDEE, AREEREEND Z Enbnolz. AN, BAZHET HRHMELS L
TR EFZRD, HANEAOLENOEDIENS EF bz, L LEAOSS, MEBRETAELD /A XiR
() DARFIROIRE N & £ 25820, RENZ L ZIRA R IRENIC X0 FEEANEML T LE S HEai b -
7o, FEBEET I v AR REO TICHRE SN DFAFE, WERRHENRESND Z L, ZOMmAME
DEEE LTHFoNED, avFrid~vfrurrrrdy)arFa—T2HNn52 TRy IS
NA ZADYEEREG AT A, WE AR, WAMEOm 2K 52 LN TE .
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5.7  EHAEERICK BHELICHT HRE L RIEDRIE

5.7.1 H#

arvFrtwA a7y EAREHAT 0V Z RIBIC L BAELOFBIZONTIRGET 5. BERRIZIZA A,
AN DOWERHFIZ 3 FEOREZ Y THZ LICL s TRHEEDELEZRD.

5. 7. 2 EBAE

BNEEHLY, BASEHEIGICREWTHE AENRBTEZIT ). BREIX2 AL T5. ErsELE LTRET »
V(A== T 7 VE-103 = R [LIREERDZ AW A TR REEZ Y TS, KT 7 o5 a AV TA
THIC 3 FEORAEY HL, B ImBER 72L& & EH IS H T 5 (Fig.35, Fig.36). K7 7 v o E&EIT
58 : 132m’/min, " : 102 m¥/min, 55 : 72 m’/minTH H. FridTable 6IZFHAMRRED 24 % — L ZoRd. Zh %
FLOARFE T 102.4 F(2.568x40) D FH ZATVVRFER 40 RO 5. MRHEERIE 40x12=480 fH TH 5.

Table6 Caseson the measurement

Location ouT IN

Force of wind | WO | W1 | W2 | W3 | WO | W1 | W2 | W3

Examineel 1 2 3 4 5 6 7 8

Examinee2 9 10 | 11 12 | 13 | 14 | 15 16

Unmanned car 17 18 19 20 21 22 23 24

WO : Force of wind =non W1 : Force of wind = Level 1

W2 :Level 2, W3 : Level 3

Fig.35 Thecircumstance of indoor measur ement Fig.36 Thecircumstance of outdoor experiment
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5. 7. 3 RBRRLER

I RBIC BT DB EEODM AL A M7 T ACEKDT. Table 7ICFHlEAZ <7, BRI TR 554
Ao EEZITTH, BALANTRHEEDOERDPHD Z EB005.

FTARTORUP DGO EL R LERE 1, 2 CENRBOREED L X 7T LA%Fig37IIRT.
A RT T AL ENENDOREENIINE L TV DD, AL EATIIREEICRY, ZRBHDHZ L2y
M5,

Table7 Resultsof aparameter A on Pressure sensor sensing device

Outdoor Indoor
Force of wind W0 W1 W2 W3 Wo0 Wil w2 W3
Examinee 1 110 15 24 39 95 54 8.5 3.9
Examinee 2 168 21.4 5.6 5.5 124 53.7 9.8 4.6
Examineel+2 277 36 8.0 9.4 219 107 18 8.5
Force of wind W0 W1 W2 W3 Force of wind Outdoor Indoor
Parameter A 229 532 10.6 8.7 Parameter A 12 20

160 -

- .
140 Exam?neel

B Examinee2
120 +— Unmanned car

100

Frequency
®
<)

o)
(=)

B
o

S
(=)

(=)

Parameter F;

Fig.37 Histogram from datain all circumstances
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WIZEA & BN TR O D R E D IR 21T 5 . Fig.38IC B, FigEANTOREEDO E A 87T AERT
D CIRRE TIZHRICEAE DS 0~0.1 IZHEHF LTV A 2S, B ARSI O S #PE S L#HE Th 5. Zhi
RO CTHEENERICIKE D HRER EORBEEZ T DB LND.

WIZH N LN TORBED S OEVIZOWVTREET 5. AN - BARIET, BERNOREED SAAFENZE
SRED BE . A NIREETOWERE | L HBRE 2 DAL, BN CITRH R O/ RS 570 2 (B 12 0.1
~0.3, #ERE 2:02~04)Z LIk L, BNTIHHERE 1, 2 &£ H120.16~036 IZEF LT 5.

WIZHELO TR SN X BB OV TIRETT 5. Figd0~Fig43izsila 5 2 72 NIKEED 2 k7T A% IRT.
AN D4R E 1 TIEWO, W1 T 0.4 LLEDEA % <, #BRE 2 TIIRAS T 04 LLEDENRZ N L7g L,
FEUNCBIRZ2 S REREOFRMEN R OND. BNTIE 02~03 [ZHEMSAMNEF L, 0.4 LLEOEITD 220,
FWERE 1, 2 L L EIPE L THREEITIRBE L EVRH Y, ANREBTITEF RN LT
BN EHEITE S,

Fig44lZ Bt COMREE, Figd5iZ BN TOMMRRETOE X F 7T A&7, SAELIEWO @ JJE, W1 : 35(K
TIEEEM), W2 o, W3 :3RTRT. W0, 1 COREIL0.01 AZICET L, W2, 312hdEZ0EEN ERD
WIZONFFBEN DL TS, B, BRNOSHEZLKRT2 L, BRNTOSBIT NS KRR OFEEIZE L F
SRR RLND. —HERITIIATHREICINZ, 2280 BRRAOEENFRKEEZ bnb.

AEIOFRNT L - T, IR E < EZRRIMNLAAECRWIRY, AA - MAOSHITITEZRN S, HEF
RThD I eNbnole. HIRITKT 2 LSO RBERE 4 2 3 b DM B OEREFT, HIES AT AT
BOWTAHRIEEER LR, TORELRE/NRIZTILEERHD. LT, BNOAFNIRMHEEERITKT D58
DI oND, SNEUCKT DR AR METBA LD BEAREWENZ D, AKREEZ THEA)] & L THE
T 57O, FEEOSHEHEAR NG RENTH Y, BHR EDOINELI DI & HER T E D2 BRED 3,
HEORENEL 725 EHENTE 5.

80 90 -
- ] Exam%neel 80 ® Examineel
H Examinee2 B Examinee2
60 B 0 # Unmanned car
o 50 . 60 -
g g 50
B .40 Q
=d =)
5] o
4 @ 40
= 30 &
_ 30
20 20 -
0 il i
il 1"l luFu l 0
0 F T Y 0 -
oS M © OO N 0 0O —=H F N N O D
S S B = = NN N~ D m M O MWW D N W = F M DO D
Sssss8se5°33¢s $233:5333333¢3
Parameter F, Parameter F,
Fig.38 Histogram from data in outdoor circumstance Fig.39 Histogram from datain indoor circumstance
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5.8 KEEGICHTHAAMORIERER

5.8. 1 HM

HENKRE S EENEWGE, BU vy TS ARRE SN2 A ¥ L ERNORERE & OEBERKRE RS
B, DHEBOEEENMES 2D, FEEN NSRRI ENTRIND. FICTHEFHEENELS, HENKE
Wy BT — R WD EHIFERRD D R~ O.LEIRE ORIEOTRE, AR EOAEIIKTT D m R M,
R RO M E RET 5.

5. 8. 2 EBAZE

¥y U7 —(Hiace : ~ 3 X HEER)R, HEEEEE R 2,995ke)DLREICIRE L, A AIKE, HARE
TRHZAT S . ANRETOFPERE X2 AL L, BB, BTN, ®%ilLElh, BIRLEOGEHO S WFHCHWTE
ATV, ENOABOMEIZST DT AT AORHAMEEREET 5. E2EACKRETITEFIC AR W R VERE &
ADBERT DERE TR ZITV, TOEWERFET 5. Table 8IZAFHHIORILE RT. FHRIL7ZT — TR L 2.5
ORI R Z S RD 5.

Fig.46 Measurement on the camper

Table8 Measurement places on the camper on a pressure sensing device

Case Place

Manned car

Driver seat Passenger seat

Unmanned

car

In deserted condition In crowded condition
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5. 8. 3 EBRHRLEER

Fig.47~FigbLZH NIKE TR DI A N 7T A% RT . FighAlNRETOL XA 7T A%kmd. 5FEBROH
AT E RS E < HEARE VR EZ VD Z LT, FAEL KR L ERA~ODHIEB ORFEOHRT, &
R EDOHFITKT D m R M, 255 OIEERZEZ W TR E OGN 2 REET 5.
FPHNRETOHRMEOSMHICOVWTHRIET 5. B v v 7T X LS OREHIB T, i, &
A Xy M, BROIFICKRE S Lo T, #HBRE 24 28D ETREEDNMEAD L, HHENARE DI
DN DMRY B3NS L2, INSWEIZZ L DRARRHND X HITRD. ZHUTK Y B T3 AR E
S AT iy & YEERE & OBREES K & < R 2 RROAIREI OGEMENMELS 220, FEEN NSRS ENRD.
WAZIE ) CIRFE T DRI DOWTHREET 5. A FEBRTITIECRIEZ B FIC AR W R WEREE & AR T HERET
Tole. ZODREEIET &, NOHARBPZWVIREO LB MORY BN ENWZ Ex3bond. Eleeikosy
Fildi/NEAT O 0.002 LLTICRY BREL HDHZ Edbnd. ZNEVEHOEBEEZ T 000, WARKET
DFFEED IR BN ENR 5.

ANIRHE & BIREZ ST D LR RO MO P OMEIIRE S BRD, AALEAZ BT DR EL LT
BEHRAEEZAVD Z LICEIMRH D E VR 5.
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Fig.47 Histogram from data in sitting on a driver seat
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Fig.49 Histogram from datain sitting on aright camper
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5.9 AARANHEEDKTE

HIERIBIC LI L 72 20 NBAZHET 2720l CTh 2 HERZERZ R 5. Figh3lcb. 7 TIToA N,
WADKT—4, 5. 8 TIoTeAN, AT —ZIZOWTEHRERAEFNE TN RBEEE AL L RT.
HIETITRRBBBERONDOIPAANEEZRAANTHL LHET DI ENEANFEZRFANEHET LI & LD bELE
N5, ZZIBWTEAOEAERE F, 25 0% 58252 &k o045 E L CHEBIEOEAER A F, 25k T
WL BN DOIEHERZE Fy 28 90%E B2 5 DIEF ¥ B 7 7 —TiX 008, FAHTIZ0.12 THDH. £HAD
EHENRZE F X v o B 7 A —TiE 022, FHAETIZ 034 L1025, LoTHA, BMAZHBTAHEE L CHE
Y7201 0.12~021 TH D &V 5.
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Fig.53 Cumulative frequency table
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