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Development Smart Sensor & Estimation Method to Recognize Materials
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a Abstract }

This paper describes our primary study for a new method of recognizing materials, which is need for precision work

system. This is a study of dynamic characteristics of smart sensors, new method(Rsa) has the sensing ability of
distinguishing materials. Experiment and analysis are executed for finding the proper dynamic sensing condition. First,
we developed advanced smart sensor. We made smart sensors for experiment. The type of smart sensor is HH type.
The smart sensor was developed for recognition of material. Second, we develop new estimation methods that have
a sensing ability of distinguish materials. Dynamic characteristics of sensor are evaluated through new recognition
index(Rsar) that ratio of sensing ability index. Distinguish of object is executed with Rga; method relatively. We can
use the Rgar method for finding materials. Applications of this method are finding abnormal condition of object
(auto-manufacturing), feeling of object(medical product), robotics, safety diagnosis of structure, etc.

Key Words : Smart Sensor(X]%s AllA]), Sensing Ability Index(414J521 A4, Auto-Correlation Function(X}7] AMl), Weighting

Function(7}%H4), Rsar Index(Q14] R4

1LAR of TAA AAAE o83t Fobt WolA dHIEY
A% 7hrtolo] Mz wo] B 4= Qlt. o]of ute} A% AlA Q]
A Foly ARl EARnE ofe} ojg ol FAE g4 2 AR, 281 A5 A PYHE tgstA A= ol

++
4

Azden AYLs

AEste AY7|ANEY (hwangsy37@chol. com)
4 561-756 AE HEA FAL g 17} 664-14
HEgetn AT LY B

ERELE I P EST)

Audetn 227438

73




By -

B3E -

ez

HY=E

21 93, AsAAMY s B B S8 A7 FATL
=1 ok

2 =RoAe A2 et ?
of M2E AHAE L33 b
7171 Ylg A2E dA A+ Agtet
4 59 %7t Aol AN F54= *Hi
Rsa)Z ol43te] A o2 Hrlstgih AsAAY A=
2= PVDF(polyvinylidene fluoride) &1} 2SN &85
Alelstgich. PVDF 252 2 /e gd 2424 wof
9| Fahg Pgolck ol 11 7hgol thE Aol ]|
- Zhekahal s Bek o2t ARG ke Gt 5
A7t doke 59 o 7k e AU 9o g2 &
ofoll Al SEE o AHGEAT 1T Frd dolrh

Royston')& < mpo|Zof Bo] 53t of B 3
2317] 9lgt A¥4 v|nta] 25 HA 24 PVDF AIAE |
S3tgict g R AsAAE HA delolA ddEe ¥
Bl E4 aotaty] 43t Al 71ol d+E ok
Howe®= §2<l A%oll4 $03 &4 948
3 4 ok ASAAM B ALE Sstgch Li®
9] 3], Y% (chipping), 2 E AFA2 4
DI At Al 8 92 st 2.9 2iu
5 gofaty] gk Hluky Al vk

A E 5o PVDF %%% HEHL FeiR FEA

>

\:l

L o

:i{tl tlo
>
N

[

4

S )

£o, ook

XN~ o2
ofr ol

£ 2

R
© o 10

rg
> oo N
D)

4> =

=
s

Ho
d

S

o o
ok

o

ol
u
[

S ogt nx e o o=
o
H1
i
(N
ol
O_u

I
2 AIEo}@E} E ohE dyolMe A AT e, A
39| QB3 HEy} BE3
o A % ojgste] 41T B
247ko] A9 tigh A3 dloJg A& FEUEY 7]
£ ol gste] Aez|ste] Bl it 4
SAHA Az wate] AT sad”.

ol AT 2 AFolA B0l 1 A% AAY S8
Y= AJAEQ) o] AEo| W FES Tofskar )l
dloje] Helefl glo W a4 71o] AAHAA frk. 2 4
e A %%4?'—01:% e AE ASAA AL A
25 93t 712479 YRteltt & ofet 7jaddE Bt
gloje{wo] A5 o] ArolE thdES AT & = A
SAA L g RS 4T 4 Y AL
eratsiet. AES ¢Jsto] HH(Hard-Hard)e ] 2)%5-A1A]
£ pgsto] Argslgn® . HH BH9l9) A5AlAE e

74

QAEoZ AGEE Aolth B =R A2 Bt
HRa)S o 83te] 14me} Fa o) w2 A5 A

('

Sl e AL ARoR B 4 98e 4
oz ZueliA g ot A5 AN Hue AL
277} 3 o o] HE ANASRa)S O1&3Ho] EL

HAoE B 4 AT TR Gk
2. O|=X Tt M22 2AIXI(Rsa) HICH

2.1 FO¢ 2AZ 0|88 MSX2| 7Y

FHsiet A dojele] FA MM o ArF
Atolof A Mgl EAS Aot Aol Fa% A BH
o] 57 girk. ol2e ARHe BANSL As A3 7)Y
Z0] shtel A#g4(Correlation Function)l} AHEY
(Spectrum)o|z} E2]= F]of| HME(Fourier Transform)<
2 ®5¥% 2 9o}

SERECPRERERREREE
He FsHEAY d Ao SlojA =L L2k
&’ll’% q7|AE T AY JEFHAE Tk a4

& A9 sty girh “111 Aztoll #3t A 2(t), 28E

FHE H(), AR AE 2 & o AZE oA

t+7 Atolo] AR HAEFE ATAG TolA A7 g8
S:(autocorrelation function)e} AeJatar 4] (1)} Zo] FrefAlct.

y(t), AE®=E HS

By = Tlljl.o T/ y(t+7)d 2

A7) A T8 4x(autocorrelation function) 24} (1)< ot ¢t
Be AL BE,
3)
AL 3 AFIBE4(crosscorrelation function) 4] (2)+= &<
% Jjgen ofAe oen e 418 wEd
R, (~D=R,(0 @)

A7V 4 (DT A5ABES A F el 4
got A7jadey gao 4usEEY @47t e
Zro] ztzb A ojd



UREXHV|IAE =R

Z Vol.15 No.3 2006. 6.

5.0= [ j;R”(w)emchu )

8, = / jo R, (w)e"dw (6)

A (5% A (6)Y 2HEHT G BE T JY(— oo,
wo)o| A Aelgrt LEit AA AHERE Foke A2 0
oA o7} SHgte] Fake Aol Helstrt. B3 AHEY

45 4 Q)i @At Zo] theat 22 2L 7D
QI

85,,(=N=5,.(f) )
S, =H=5,0 ®)

TYEE HYFgS Fu5o) oFf W sl &

Ak 29T GE 4 0024 4 (10 2] T 4 5
St
a.p=2f " R (£>0) ©)
=0 (f <0)
(10)

G, n=2f" R, e (5=0)
0 (f<0)

Tea 2 BAA0] Tttt

5, (5) = 1H(ES,, (f) (1n

S, =HPS,, (f) (12)
9 % AN 2347k £ = 00) Bt Holdt 4] (9),

102 0|83t B3I 4] (13), 4 (149 2k,

a, () = H2G,, (1) (13)

G, (N =H{$)G, (1) (14)

2.2 ME2 214 X|p(Rsa) HiI2F

WA Q7o) 27 4 Y W5 e AFHoE #
3lee ko] Yo AFAE o3 AAHZ Qe 1 F
o415 180 2631172 AFof g8 Qlzto] FHH oz 17
£ A= Az (Perception Variable)E K g 2|42
2. o} A& AlA5E(Sensing Ability)o] H-4-AJH
2 f A5 Ko vFste) Z718Ht. 1SO 26314%)

75

7123 VDI 2057"%) M2 % AFo|A o) A|zteig
£ 4 (15)8 Zo] HH}.

(15)

A71A a=20, o, & QA7 FHH LR 7= AF Tk
o] P AFL7HRoot Mean Square Value)S YeHHC]
A 15y Bgte] 9Y o & WA B AFS @
Aok BAY] 4AS o] 838te] QA7 FRASE w7l
&R QR 24 (0,,) 2 UER £ 9tk

Ks=av/o, = as),

B} (g,,) = Q7bo] =7l 7h&E Hs(t) o) A7) At
S OR,E U £ o3 A7RESE AlEY Us
(Power Spectral Density) §r429] Eajo]| viglo|Bg K =
2] (19)9} 2ol Ao AA R Add Agrt&ro] ote] A
YEY 98 5, ()2 Jehd & gtk

Ks=oa,

(16)

ol = E|[H!t)|=R,,(0) 17
5, () = P8, () (8)
Ks=ay/o}, =a/R,(0) 19

Il

2
~
8;3 8
fc,)
e

&

|f(a))|25;,b (w)dw

— o0

A ol

o714 5, (W) Q7] 7 4 Gl AETHEEY )

~9EY g

o] QFE Ad¥her Ul 228 4 (1994 K& A
At H HA AEEe flw)E FofloF stk st BS
6841 Vo] A= 1S0 263105 B & WHAA RS flw)
oF T2 Mg o2 7H5dhax(weighting function)y W, 5 A
otstgict.

A7) gugt R TEold A tE ol
& A237] A AsAAZE AL HUT $A% dAE
of gt ol FHHE WHE 4 & ATAAE o NS
of Aot B3 FHY A FAA AHAE o]t of
FES Bt ol ATV 9T 7iEE oA A
gA girth 28EE B =EdAe A A F49
e W= A3 HalA A5AA 9 B4 S 5



gy - BEE .

e - 4FE

24 55 ofafat HAA BTN MMM A5
& W A2 ANASRs)E Ol BHA iR &
Aol e A5 asiaa} deh WA AN 4
4 598 Wisia vlasle 9 s o) 9o A2
& Qe AASHANGALE AL et A4 2

A8 dolHE Utk AASANRSAE o] 44 Akt

OE e A vlaste] AA A E TANE ¢
Ak £ HolHE FH3 vloEHlo| A8 FEFORH
AAQ HALA o} &E = Qlrt.

I WA 4 (19 HEA g A FFXN¢E A
st WA, & dFHe FHA Ao] opd A
Al AAolH Y HEE Yo 3RS a=12 F1
4 (19)8 AF3AL flw)E BS 6841°99) 7153401 2

7] 2o flw)tfAlo] Bs6841Ve] 712eta e i3t
of o3} Zol Ao3tch.
S
(20)

oo w 2

© me)'s,
AN AFHS W A9 AAFEe] 22 e

Wi Fuid ool SHzolA 100HZ7HIE 12 Aj5ie]

o mebd 4 DE Bhewt ol £3% 4 Yt

2B

saf,= [ 8, (wldo

:Xj]%b(f)

(w)dw

II

2D

(22)

of wj Azto] AZE = Yw F° Fu FoA A
o8& Brisluzt sfRE A=5, B=1008 Fut i
AT M2 AdsEATE AUy MdsEAsd
A 224 5,9 deligte Fl8 A o] tiste] B

e o2 LA kg o] A5 (Sensing
Ability Index, SADE A3t}
1 &
SAI= m;|%b(f)
(A=5, B=100) (23)

SAI 8 7He] Lo® quES d4sks g At Aok
mehd e A2 T2 Huoy 453 B 7 SARR)

76

ulZ olg3le] 2L YA
o Aolstgict.

A4 ARsa) & o3 2

sAr,
)

RSAIZ SA[2

ol AR} 1, 2= AAEIES ulaiet. oz} 12 1
Z(HHL1) SAL ghe ow|3ha ol 24 23(HH2)9] SAL
e g

3. &8 x| ¥ dady
3.1 XisMIA JHH

2 Ao K= A A Y FEAL AlA 9 #|o] A(base)
RE g g4 4 EAof o5 3A FFE HSE o
4 QopY mekd A¥S 98kl HH(Hard-Hard)Type
AsAME At ARG3ATE AGAAof ArdE A
aAts B4R Fa40l wotA A Hgk £3o] Aot
PVDF 4&& o|4st%rh PVDF 452 259 £4 %
4 5ol et =58 3 B4 2=tk & dFoA A

5017 25X Y 77 Table 19 bl Fig 1
2 HA Y AT 0|1, Fig. 20} 159] PVDF B9 v
9¢ Fig. 32 259 PVDF 489 H¥9& BoF %lﬁ}.

3.2 AE IR AAH

2 A7 AY A= 2A AAME A & e
Aqg AAALE, ARE ASAME 1ZAL F YUEE A
g AN TAANLE 9 A AE], AA oA e}
£ AZE Y55t HIAANAFE dojg 5 g #g A~
g, AFE ZE2a49E 53 A3 e 9 E4xAHR
e 4= k. Fig. 4= APAA Y /e E Bol2a Q)

—?*El% S Yotdd 4379 QAES 2981 9]

220 ARL U2 ZEE AT Yk GASS A
0}9&‘3} YAES 7S(F‘i) 420 E(Al), }5(Wo), AEA
(Sp) ol 45ROt dAEY FAE 3mm 0|1 49
Meke= ol Fig. 59 Zth.

3.3 ABim sy Rt

B GFHE ASANY BB HHS 9lsl M=)
o 7348 WehIA 9] i $4 $9 SAof Bajo]
L.

hew g Fakae 4y e

A%sAA ) 27] 9



JE R P LTS

Z Vol.15 No.3 2006. 6.

Table 1 Specification of HH smart sensor

Basel Base2 il;ii?; Sensor
material material (thickness) Type
Hard Hard 0.5mm HH
PVDF film symbol
PVDF1, PVDF2 HH1
PVDF3, PVDF4 HH2
—
PVDF 4
< EEEEEEEL 0.5mm
Base 2 Materiat L
] /!_ ~ _/A — 1. 3mm
PVDF2 |-
PVDF 1 RebEabbbl - /¥ 3mm

A4 4
T ’ Base | Material
.
.

Fig. 1 Schematic of smart sensor

PVDF 3 l PVDF 4
a8
g | B
v
a0
_ ‘Smmr -~

35mm

Fig. 2 Schematic of Ammay of PVDF film on the first

floor
A
PVDFI I_ I~
=3
XTT— i
PVDEF2 y
30 mm
35mm

Fig. 3 Schematic of Amay of PVDF film on the
second floor
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Controller

o000 Amp.

=1

Signal Processing
&Analyzing

|
» T

Data Transfer Module

Input System/
Sensing Attachment System

Fig. 4 Schematic of the experimental set-up

—

Steel (Fe) Aluminum (&)

Sponge ()
Fig. § Schematic of Object

Table 2 Input Variables for Experiment

Changing variable Changing value
Acceleration ig, 5g, 10g
Frequency 10Hz, 20Hz, 30Hz
Displacement 0.7mm

L Real Data )
Noise Reduction Fxltex) nu:{>@ o Data
900

{ Power Spectrum Density ]

@ a0 (| Statistical Proced

[ Sensing Ability Index (SAT) ]

8

[ New Recoguition Index (Rsu)]

Fig. 6 Schematic of Analysis Program
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Fig. 7 (a) The RSAI Value According to Acceleration

(g) Changing(10Hz — 0.7mm-1g)
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Fig. 7 (b) The Rsa Value According to Acceleration(g)
Changing(10Hz — 0.7mm-5g)

SAl 3.5 |
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20}
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T e
—JA

= Wo
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0.0
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Fig. 7 (c) The Rsar Value According to Acceleration(g)
Changing(10Hz — 0.7mm-10g)
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Fig. 8 (a) The Rsa1 Value According to Acceleration(g)
Changing(20Hz — 0.7mm-1g)
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3.5
3.0
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20
15
1.0
05
0.0

Al

I Fe

S wo
—Jsp

Sg

acc.(g)

Fig. 8 (b) The Rsar Value According to Acceleration(g)
Changing(20Hz - 0.7mm-5g)

45
SAl 40
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3.0
25
2.0
1.5
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05
0.0

10g

acc.(g)

Fig. 8 (c) The Rsai Value According to Acceleration(g)
Changing(20Hz — 0.7mm-10g)
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Fig. 9 (a) The Rsar Value According to Acceleration(g)
Changing(30Hz — 0.7mm-1g)
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T
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Fig. 9 (b) The Rsar Value According to Acceleration(g)
Changing(30Hz — 0.7mm-5g)

sl gl
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10g
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Fig. 9 (¢) The Rgar Value According to Acceleration
(g) Changing(30Hz — 0.7mm-10g)
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