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Development of Tribosensor System Using Neural Networks
(Tribosensor Using Piezoelectric Ceramics)

Seiji CHONAN, Zhongwei JIANG,
Kazuo MORI and Yoichi MUNEKATA

This paper presents a study on the development of a new tribosensor that has the sensitivity of
human skin. The sensor is basically a piezoceramic AE sensor. It is placed and moved on the
material to be identified. The voltage signal from the sensor is first stored in digital memory for a
fixed period of time. It is then analyzed to obtain the maximum signal strengh, the total number of
concaves and convexes of the signal, and the number of crossings with the line of mean signal
strength. Each set of the parameters obtained is compared with the training set of data in the neural
networks, and the material of the measured sample is fixed. Experimental results obtained show that
the present sensor system identifies the material 85% correctly for 120 samples of 6 different

materials.
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Concaves and Convexes (26 pulses in this sample)

20
< -4---- Maximum
5 10 J/\A // \" Maximum
& I \ Amplitude
E 0 ‘\ r,\ 7“ “¢----Mean
B -10 \/\/bk : (f/
g \ V\ ------ Minimum

25 \\ 50
Time (msec)

Crossings with average
output voltage

6 sULREH - BRKERIE - 322 VB REOBES:

3.3 /LR - BAIRIE - TE/SIVABICLBHE

ABNFTHEREL TEHEE, 70 OBREPRIK
DFE, HA50IFIEOMEID S RERIPHEOH
BEIT->TWEEELI NS, O EITELUTH
LWF— I NBLEREAEZTH D, T3bb, H
B EERbOTIEEE L TESORKNREEED, £
B icEh s M MERIEY OV ZOSAE & E L UL
BEEFHT D, X5, BEEORKEEB/MEADHE
HEEREFFE L LT, EErEEBETEERETSHD
e/ IVADEEEZ T DHEEERTIRES
T2, TDOZDD/85 A — 5 OFEER 6 1ITRT, &
FEEZROCTREIN T —F O 3 RILERDO—F%
K727 d, R&D, HEF— 7 3EHEEICTITE
EESTHHLTNB I EDEHAZII S,

ZD XS IB oI UVABRKIRIE, /UL, 2
ESNNWABD/INY == a—F IRy FT—T DF¥
BATF—7 &L THAUMERBET>720 =a2—37
WERy b U= ORI AIE T3, FEET10, H
FBTE & Uiz, 3.2 8D, IVAEHSHTEE CIUBREE R
EEBRBISIES LR BOICE YT THRY
EHENTAZ LI >TERLONIEME 10 EDT—

” alminum”

"copper”

"rubber”

"cork”

" paper”

AD "plastic foam”

Concaves and Convexes %
2000
0 o +

1500
1000

*D>x 0+ O

500

0

10
.15 20
Max. Amplitude 25 30 0

B7 sULREE - KRB - AEVABIC K B EHME
DRIETF— % D 3R

DA LD 5 AEFBRT—5 EUTHY, HOEH
FaDH 1 & IERE & DEELH-/hS LB ETHRR
10000 BB 51T -7-. €D, FERT— 5 CHEH
LicF—% ERBIORHE 5 MOF—7 i UTHE
BHEST - 720 BoNIERO—FIER S ITTT, F
BlOBE, (a) TIVI =T LR, (b) #RBLT () K
RILZRETELL BRSO TS, £/, (d) 2N
I IRERARFO— NV ER-TREHEINIT — X, (e)
FEERRRERTFo— NV EFHINIS X558,
5 BDF—F I L TEBEIT - R EFH L TH
Wid 2T NTORPHCONTHHEIIEETETNHS
EEX D, ABEHEEBEEME T >EILITI5E
OFREEEINL, 45120 ORI L TIT - 7286
DFEREHE 2 ITRT, XTFOMEIIEMEIC>E20D
F— 5 ZFHANEETD b ERIETORIPER Lich %
FF. ohkb, rILRBHK, BKAEE KE/ IR
HEAOTNEAELT - BSREOHETH > THIE
BT K E BN, 2B T8 % W IIERIC
BUORETELL ZBETEII 005,

3.4 FEYRF—HICONWT

EEHTIE, 2 VR - BAIRIE - 2 VISR
BAEAOT 2 =9 NVFRy b7 =2 I K BEHFETD
WAEED, ¥FHEHTF— I DRUFICDODVTERT 5,

3.4.1 FHHTF— 7 O

EROERECIRFIEAT—FORES &L, =
ZTRFBRAT— 5 ORIERICKITTRREANS,
FHEF- S O¥FE1L 2, 3, 5, 30 LEALI VLGS
DOHBERAEE EDTHE 3 ITRT. EFOBEIEME
IZD% 5 DORMABANSEBHEITN{DIELLE
HUIHERLTCND, CHERSE, FHERT—S
=2 LIHWESICIERNBR RO DORER DB AA

— 358 —



=2 —TNA Y I FEROWI NS4 REV I VAT LDREFE 3001

I
0.5F |
0 x sl o

alum. copper rubber cork paper  foam

I (b)
0.5¢

pl—xlaln .
alum. copper rubber cork paper foam

(d)
0.5f |
ol §

alum. copper rubber “cork paper ‘foam

1
E EEE i
osf .
P - i

alum. copper rubber cork  paper foafri

alum. copper rubber

0.5F

0

alum. copper rubber cork ;)a;;'u

B8 sUVREH - BRIRIG - X2 UV ZESERE R
THFLUIHEREO—H)

£2 SIVREBE - BRIRE - X2/ UVREAEICL 33

B R OIERS & B
X Number of
Material .\ (Percentage)
recognition
Aluminum 18 ( 90%)
Copper 16 ( 80%)
Rubber 20 ( 100 %)
Cork 13 ( 65%)
Ppaper 18 { 90%)
Foam 17 ( 8%)
Total 102 ( 85%)

D&, FERAT—IBETETCHEBERENENS
ENGIND, BEMESIEINTFERDRIZ LSBT
TTHEINIDE I KR IDIIFRAT—5 &
LTERALKEESELHIBEDELENH D, %
BRAT A BLEZ2DE DXL > TEMED
FEHRAT-SENBRONIELKEEI ENERD—
DTHBEBbND, EBIIEBHT— 5 DL TER
284, ¥FRRAT— I NI X3 LHNEHBED

#£3 FHRAT—IOHDOENI L ZEEREOEN

Material Number of training signals
112135 30
Aluminum | 4 | 2 | 5 | & 0
Copper 5([315 |5 5
Rubber 1151585 ]|5 5
Cork 114|132 5
Paper 4 14|41 4 0
Foam 515|515 3
Total 20 [ 23 |27 |26 18

£4 SNV RBE - BRERIE - ZZZE VXSG BIC L B

AR OIEBEE ERR
Maserial Number of recognition (Percentage)
3 Group @ Group
Aluminum | 9 (90 % ) 9 (90%)
Copper 8 (80 %) 8 (80%)
Rubber |10 (50%) 9 (90%)
Cork 8 (80 %) 6 (60%)
Paper 9 (90%) 9 (90%)
Foam 8 (80%) 9 (90%)
Total |52 (87%) |50 (83%)

i EIESRE & DBEDENII/NE LS &
&y, FERT - REMEORBNLT -5 ER
THEPSNIET B THE I ENEAS,

342 QIEREEMBEILEIST—FDIESDE

FHF—F i, AERE(AER ) BLUMEDE
WCE > TEHSDEPET I, ThoPBEERIC
ISR ET ADERICANTAS D, JIT, BUES
G T RO HET— 5 DEGEThEh]]
O TRL, T/IIZULIR, R, V7RO 3B
DHEIZDE (1) #EBICZZE/ UV R, BT VR
BORIRNE, (i) #ERHIC, L B8, HEis/ IV RRER
WRIE, XS (i) S UV eE, BEcsiRcse
Z VOV ZBOER - 1056 O Hm%ER 9 17T, K&,
Ty AEOESRAERICE > TF— 7 2
DEDBEOHRSNE—F, TVIREDYHOEE
LTamLTH3 I &, SERIZHER ICBEL F—
ZIZESD&EDHBZ EMbh 5,

LROMETF— 5 DIF S O>XITHT EHINERS
A RETIHOEGRE T — 5 ODRUVFIIDONTER

—359 —



3002

Za—FNARY FT—2EAWE NS4 RV VAT AORFE

300 T T T 300 300
o o o
o0 o oo
£ £ g
o v o
% 200f £ 200f . % 200}
S B B
@ @ @
b oo ob
£ 100} oprd £ 100} £ 100}
w - x 3 @
g et g g
4] 5] 8]
i
0 ' 20 30 0 20 30 0 20 30
Max. Amplitude (mV) Max. Amplitude (mV) Max. Amplitude (mV)
2500 T T T 2500 2500
3 3 g
{52000- 52000— 52000
> > >
=] 3 o
-3 =3 o
© 1500+ 0 15001 U 15001
° ° o L] .
g S g o g
6;31000- x §1000— B EIOOO— O
L3 . L3 o
3] o o
& 00 & soof & soo
[§] o [$]
0 20 * 0 0 26 ' Pt 0 20 ’ 30
Max. Amplitude (mVv) Max. Amplitude (mV) Max. Amplitude (mV)
2500, 2500 2500
a a w
£20001 £2000 £2000
0 '3 o
» > >
2 = o =
S 1500r d, S 1500F w1 S 1500F
k-] % - . o -
£ ot € . £ R
Ll [ = ° . X° . ° a o’
» 1000 X 21000 i w - g 1000%;«;
> > . > .t
o o - -
3 8 . 3
§ soar § s00r 4 § soof
o o [§]
N L] L]
0 100 200 300 0 100 200 300 0 100 200 300
Crossings with average Crossings with average Crossings with average
(a) Aluminum (b) Copper (¢) Cork

M9 HEFEMSEEHBICLET—FDESDE

5 sUVRRHE - BKIRIE - XEASWVRESRICK B

AR O RS L IEFR
! Number of
Material . (Percentage)
recognition
Aluminum 16 { 80%)
Copper 15 ( 75%)
Rubber 18 { 90%)
Cork 16 ( 80%)
Paper 18 ( 99%)
Foam 11 ( 55 %)
Total 94 ( 18%)

2, 5FE CHEDOSHADT - 2 ¥FBAT—5 &L T
BT XD, ChEiENc UVZABHE, BAkIE X
XSOV ABOEFHEEFERT -5 ELTERT S

ZE AT R, 2T, @O0 NV—TE10
BOF—F T2 T EhENTEREERD, Tho%
L @DEIN—TDFERT—5ELTZa—F IV
Zv MNI—2ic8i, 7NV REOEMT -5
SNTEBEThY, TOBRERLIETRT. &M
HidiZd A S HIL FOERBHREB SN TS, KIT
S 0 EMOTF—y AT EHIFHE (B9 FOX
D 2% BAF— S ICLTROWBEORERERS I
Rt #LD, AEBORKBZ 2/ NV-TDT—FH
DIRELSRESZOODD ST, BAXFO—IVER
HEEHEEE 75 % UELOERIBOATNS I &
b,

Wiz, M9 01&@ENTRLUIE 10D T —
A XI5 ES-M, O, @ O&4 7 NV—T1T531T,
zohom, O, @03 7V —72EMCFERT—
ZELTHEAL, BYOOMIN—TDF— 5 E5H
ELTEMIE TR, BREE 6 IITRT. RERS

— 360 —



Za—=INAy NTI=2 Rl b IA RSV RT LAORFE 3003

&, FEATF—HXMPOORRCT IV =7 LD
MmN RAT -7 SMORKICFERBAF O —
VDB RNE L I > THAE, ThidFEERAT—
7 EFBTHEOMMNTHHELTLB I EPERET
B, BICEDXHINEGRT — 5 Th RIFITHEFEE
B LI 5> THBERPRRTL TR, BHTHEZ0D
ZECEAFERT—IVEEL TS, £, OHY
N—TDF—=§Z¥BAT—5 ELTEHL, A—H
BN IOTN-TDF -5 2RBBIEE LHNND
BORTERNEONZ I ENSEHEEACIES
i3, FBRATF—SKAVIEEEANELZESER
CE&HET (BK) CHET 2LEDH S I 05,
EXY, mERHERNERRT—F OERIE
FHEEEOEHEPEINEBOM LICHERTHELEEL
Do

4. 55

Dht

Bax OMBEDORE.® AE €Y THTBEIEICE-
THRONBESEF— LB LUHEHNEITO = o —
SIEy b T2 OBEERL I, BoNIEREE
HTBHELUTOLEDICNS,

1. 2 THRMERMEL TSI Lick->THESN
TES N T B 2 LT k- THE ORI HE 58
&5,

2. EENEEE LTI UV R - BRIRIE - 838
NABIZ X 2 REHREVFEH TS D, XHRER
NBZETHS % LIEOHBEOHANREERSL
EDTEI,

3. INEERERAE FLT OV 2B - BoKIRIE - 2=
INWAHOEEEE =2 —FNVFRy bPT—F D
FEAT— 7 ELTERTAIETT—50IES
DENH->THTABORTEREBRL I ENT
&3,

RRIC, FHIRIZFHK 4 ~ 6 FECRERFEUIREE
wHEhE (BB OBIRERITI TIThhicl L&
‘?-0

%6 T—FORERMFIZ & ZZHERDEN

ey

()

3

4

O]

(6)

. Training set
Material mlOle
Aluminum | 0 [ 0 | 5
Copper 51515
Rubber 51581} 58
Cork 31312
Paper 4 11| 4
Foam 1131|535

Total 18 [ 17 | 26

X [

Joseph Jurcayk and Kenneth A. Loparo: Mathemat-
ical Transforms and Correlation Techniques for Ob-
ject Recognition Using Tactile Data, IEEE Transac-
tions on Robotics and Automation, 5, 3 (1989) 359~
362.

B FEE: BH oKy S oRR—MRESTL
ELT—, BERDFy FMERE, 9, 7 (1991) 888-893.
Robert D. Howe and Mark R. Cutkosky: Dynamic
Tactile Sensing: Perception of Fine Surface Fea-
tures with Stress Rate Sensing, IEEE Transactions
on Robotics and Automation, 9, 2 (1993) 140-151.
R AA #KEXR €F K B fkE: SbRER
R DIFTEAE & 41z X B st K ORIMIBRH H,
B AR (C ), 55, 516 (1989) 2091-2099.
#AB: PSR HHRORE. FSAMFaVR
, 37, 2 (1992) 91-95. -
BE B Fa VFVESAEAM (1984), HHTRN
iL.

Nt tE—: C ok ARIPENEH (1987), CQ R4,
MO EE, il AR, #GE EM: AE S5 O%8EH
EEOHE (v=aTN).

—361—





