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Integrally Simplified Recognition Algorithm of sliding signal of PVDF Thin Film Sensor
LIU Wei', DING Liping', ZHAI Jianjun', WU Xinguang’, HE Junxuan
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics & Astronautics,
Nanjing 210016, China; 2. Xi’ an North Hui’ an Chemical Industry Co., Ltd., Xi’an 710000, China)

Abstract: The PVDF piezoelectric thin film as the sensing element is used to design a sliding sensor module, which is used to
feedback the sliding state of the object grasped by robot. Aiming at the problem that it is hard to distinguish the tactile and sliding
signals, the shortcomings and limit—ations of the existing methods are analyzed. A sliding signal recognition algorithm based on
integral simplification is proposed. The area enclosed by the signal curve and the coordinate axis are taken as the consideration
standard which is used to identify slip signals efficiently. The feasibility of the algorithm is verified by experiments. The research result
shows that it can be regarded as slip when the recognition value of the signal exceeds 40%. The reference is provided for the sliding
detection in the robot gripper gripping.

Keywords ; PVDF piezoelectric thin film; sliding sensor; signal processing; sliding recognition

X} PVDF FIE 2 {5 S-E A T AR BR , DX 4040 1 il 43 A0

0 3515

fRIEGR LA N5 TAEPREE B A AR T i 2
I AR A SRR S i s R SRR R o
MBI s A 72 B A TR S B AR AT 55, A I AL T~ 5
VIl 3 2l 2 S IR IE AR A R s A AT 56
HPTTE

UL ful v AL AR A A R B B
K OGEF RS B LA A RO A An e E 2R,
MELASE S 2 Vg ik, H AT, B e =00 R, R 2
AR A & 1) B i 3 £ 4 ( polyvinylidene fluoride , PVDF)
W, B TR HLRE U0 My SREER i AE eh s | T
JEE R AT R A A s AR B 2 R R B RE R A
Db v A A H P RE B A, 08 DAFAE—5E
RIXE

VR ML N FIFH PVDF W ISF T 3T Lab-
VIEW (4t 58 U0 R ¢, 3845 1 S AL Y fih 52 15 5 I e
5T R AR A R 5 B S it A N R AR SRR 22 (0315

B, (IR, PIP)MAR BR 2 THTREDRE B2 25 DA 3R 4 AN AR ], % I
(AL B AT 40 X (L) 5 P AT — 5 ) Jm R 5 T 7
ZEIL T BRI S Z IS5 A B R A a1, 7 5
T A4S

ASCLL PVDF TR L AR A 2 I OT R T A6
UL AR AT e R MUTIBGE R  AR B 3 Sh 1R
BB — R LT AR R AL 0 1 B A5 S U Bk i
Z U B E YR 7 A i Sl BS54
) 00 e AR AL T A S P ) S5

1 PVDF [EHEHEERNEREE

PVDF J&—Fh & R &4, oAb 22 J5 A7 AR R 9 J L e
P, 2010 Z24F 1 e JRe O 28 WA e B TR SR W TR it
*“['[5: o

Qi 1 B K PVDF BT oo 7 1) BUBREAR, W 2 7
T B A, A B S T A D i H A OGP B o N 98
WA 52 37 A 9 ki s 2 R HLAS A 1 Pl et R R A

FE—EBB XU (1993—) , LRI TR WIS AR WFFE 5 1) AL AR S A 5 s SR ML

- 175 -



RS5ED -

X445 % - PVDF 4% & B 15 5 9 ma M ALR A ok

3 3 TR AL R A Sy L T A5 5, B AT LR o] R e 4 it
P H S

PVDF
JE R

X

WAk I
El1 PVDF EERETERE

R R R R B T AR B A g A R 2 B
KFR, AFRSE YRR T RO R
0 0 0 0 ds 0
d=| 0 0 0 dy,

dy dy dy 0
SeBFAMImE YA o, R T B RN K
D,=d,T, (i=1~3,j=1~6) (2)
KT M (N/m?®) ;D HEAIEE (C/m®) d M HL
A E ORI
PVDF i H 8 5 04 L £ i o 2 48 B BT 7 1) A B
ARTEM ARy ) AR AR T RS
A7 ) W T JEE ), o 0 B AE HLAR T4 1 P 2R 1T
OB A R AT 8 ) R 18] BN I 1 b 82 g O
HiL ol T 87 A
0=(d,,S,+d,,S,) - EA (3)
A d, RN FEGS, ANAE (i=1.2) s E R Bk
A AR IR A A TR,

2 ERERSFESOERRE
e 10135 5 B 0P 2 R o L

TLO81 i L AE A TCRR T, 70y L ff AR 4 9 T 11 2 I
I UEBAS KGR L ARSI LA

cfl R2 Cf3
C4 R4
= Al
w R3
A2 A3

0 Co C G
ouT

LED
] ]
N ~
A5 A4

E2 ESAEBEETEE

RS b B B AT A — A B IR R B I8
SR AR AR B AN AL 3 BT

Ky

%
@

%

U

i

A

Q —io
[y

Q

IT17
C. Ce G
s

B3 ESAEENERE

- 176 -

K RTBOR L 1 F PR3 i, DU A% i A Fi £ 5 L
it LR Z R DG R AT TR R R
U =—1<,U=—§i‘2 (4)
0 Y1 Cl
A, U, o f BRI U 5 U, 5300 L L Q O AR Rk
R B LT B 5 K O ORAS T IR 5 € WSR2
HOK B E AT A, SR AR S R B A R C RN
C,=C+(1+K,)C, (5)
K :C=C,+C +C;C, LR A B A C B 4
CoNR LA,
AT FALTT LIE H, PVDF T L 3 RS 2 10
RS R A O, MRS R AT i R AR S
A L, L faf SR, i L P, R S ) A

3 ETRAELRNENESIRANEE

G b TR R AR LT S ik
Z IS J1 AR A AR A I AR 5 BB BRS, ELRRLE 0]
AR, AN 4 (a) BT 7 5 A3 ARDGE e Sl 9 58 3 i A ol di
3y f AR (5 5 R i 2L, R B, Il 4(b) B

SEBRATBGE R v LR T35 1 A S i ™ £ ) £
X BIPIRAS BRI 22 7 A T, PR, BTt R 3 Bl
L , X BRI B 55, A RE VG L R 153 IR
OSBRI 2 2

EXITAY
ERERAY

AE

FLES
HLES

o ke O HORE R
(a) Fefil S AEALIY (b) AR BT

4 EBEEBREFESHETEE

FURH T T7 A BRSO AT 22500, Rk U
SRAE A U A5 RTINS 2 18] B8 AR A S i o, SR T 52 e
bR AR A A AR, 55 A s B, 2 fl A
GRS MELUEEIX I . J7 22EREE L a3,
TE—ERRE L X AT X 70 (R 2R R L E 2 /Y
Wt A eSSk O MER BE  FEIN B, S P AN R .
T I5 LA —E B R IR, ARS8 T — R R TR AR
S REAE S R I W (A SR EE A B i %
A IR S A 5 PR

ERRIEAY

HUEAF

B 2
Es5 MABUEXRINTEE




RS5ED -

%45 % - PVDF JE A5 A 527

"

%

HAEF Ay AR ik

TE—ARAFEX ] nT P (n D9 RAEJE SR, T R R A
) RS SRR V,,,, FIEE R S, S KAk
B LA R AR T BN S, W 0] L5 e «

S=nTV,, (6)
S, = JT" Vidt (1)

A2 ORI SRR L & 7T LA
5=%><100% (8)

FIERI BT I R TR, 4 R Bk I ROR R
U AT I fai e .

S, =X V.T (9)
RA(8) XAl 15,
)G
8 = n‘ x 100% (10)

A0, 8 A A /IN BV AT Lz i 4R 11 3 2 A B ot L
(EREPN R NS

FUEREOLT  BUM AR U R R AN Al 6 FTR
6(a) MM SIE S0, B 6(b) M shfE 53U, SR
Y IORE DX [ R B T 2551 & (R R T el I 155 1
S1H,

< >
o i
@ & e
& e
2 &
0 HUORE A5 10) HUORE A
(a) Fefih /)AL BT (b) HHXTIE B

6 BERHEHMIBUEZRNTEE

i S A B s i AR S ORI AR (AN O 0, [N It
R TG B 5 PRI R , R BR T SR T
FRARR) i (B A A Bl FBL R B0 8 28U 9 28 3 A 5 RU)
RV

iVi - nV,
i=1

T (Vo — Vo)

HIGIIE R ER T

IR IS E H 2wl A2 72 9 PVDE e reLHERE AN (5] 7 ot
7N BN 150 pm, B — I AR T2, 3 e R A
TR PRI, T2k 5 P8 SR A L i e A s

1 R RS B AE LT PR 3R T, 0 5 A il
T XTI B 7 AR Y FL AT 20 IR Y ER B A B SR b
KHUEAF S8 i UMAC 45 il 45 R 42 508 2] & Sr ULtk A7
AP e R UNIE 8 IR .

IR A B A A TR AN R 9 FR X R AR
B EIE AT A AR R S5 FANT .

1 x 100%

(11)

4

(b) AT

(a) 156 LI
7 PVDF EfEE

LB TUR
it

8 BHMESINMNRERS
1) & 9(a) FTLAFE Y, IO A8 v LA T W42 A 221
YRR B TR A R 5 2SR K, B DR AR 7
WIHAIE R 3h , R (11) B4 fai AL B i 38 o s it
5=20.7%;
2) BEE IR 3K, SE ARG T e BT 243k ) bR
AR 9(b) BN, PR g shr=t: , IbAt Y §=46.1%;
3) M HF 3R R e B IR A E W s e, WA
9(c) FE 9(d) fEIRIE S LA W3, 8 (HZIN 0,

(b) HAEXT 3

(0) HA I 5% (@ 52
9 BRERSWHES

H T RAEIZ AR ARSI 0 S R M LA B
155 U B4 YRR 82 R S PP S WA B A, % [R)— 1k
PRI IR AR 2 A A7 888 , 2 500 ) B A 3 L Ak
i A TIRG, it ZUGRE, b B S RSN 1
g 2 FR,

Fz1 HEXRINER Bf.V

wHS 1 2 3 4 5
EE3:1: 0y 2.68 3.00 3.27 2.58 3.81
A EhEt 2.56 2.77 2.42 2.69 2.60

< 177 -



X445 % - PVDF 4% & B 15 5 9 ma M ALR A ok

- BE583% -
F2 PEROAFER B,V
RS 1 2 3 4 5

Bt 0.53 0.71 1.24 0.64 1.09
BEhEt 0.34 0.58 0.41 0.70 0.43

M 1.2 2 BB L FRER L U S R AT LA
WA A Fe R Sl AR R B LA 5 R B B
1 S BRANHLAL , 22 U5 9 HE A R BT 109% DY e xfE
PAFISRIRG PVDF s o i A% TR i W 3 55

TERI 7 220500 I, [ B AT 150 S 2080 A3,
B A4 Ak 0 2 2l I 55 BT B I DO, X6 o A0 4K
G, PR I A BBURE S5 B 300 A, UM 5 SR 2k 3 o,
FE i 55 77 2 A 1.2 V2 LA b i s {545 07 25 0%
T LOV: A —E M XL (R X 5 Bdi T, 5%
L5 I F] 400 NEA YR C LM, 1T W7 2351
SERPEARREIA K

F3 AEFRIANER Bfr.V?

®He 1 2 3 4 5
e B 0.82 1.41 1.27 1.53 1.26
e EhEt 0.77 0.92 0.80 1.15 0.65

# 4 RO RN SR B RO 150 4>, AT LA
ANEEAME S 5 EE S0 6 (ERA WA DO Y 6<
2390 ] A I i i A 2 Ak 0 AR AL SR I 55, 2 6>
40% I 7 A BRI S E S o W HLOT 225 AT BURE b T
—2 SRR R R O HLP B BRA) R R

*4 BMOBEHRIRIER B %

HS 1 2 3 4 5
Pt 20.7 22.5 19.6 20.4 18.8
hizgl:n) 46.1 53.4 41.9 50.6 43.5

5 #iE
ATSCHE PVDF R HE T8 JIEEAE S A6 00 #1125 A 22 9 B 5t

T AR 2l R ) T FL A TEROT A, 1T B ) 2
AefE T UEAT AL PR, T H AU R R — R AR T AL Y

- 178 -

T SN SR AR B A B AT A B 8 A IR 4 1
SR eI IRV Uk (WG E T = R7 N U K SR 1 B obii
PE, 58
1) SEGERBIE D BERIE T 225 A SCHE
PR A3 TR A B3 EL A O v A e R S P U R 4
I 1A
2) ML Z YR I & (F 40% AR & A T
ARR B, P LA X A S B 1 o A 5 UM B v FH 21
B ARG i b A F) 3 Sl | Ay S5 SR I B A4
8
Sk
[1] HU H, HAN Y, SONG A, et al. A finger—shaped tactile sensor
for fabric surfaces evaluation by 2 — Dimensional active sliding
touch[ J]. Sensors, 2014, 14(3) :4899-4913.
[2] UEBERSCHLAG P. PVDF piezoelectric polymer[ J]. SensorRev-
iew, 2001, 21(2) .118-126.
(3] %, M09, F6 8L, %, JET LabVIEW B9 PVDF [T AL [k
RPN RG], RS, 2015,37(5) :793-795.
(4] skorilh, WL, BRER A5, T e 1 B as BRI 1
BATRBTIEL )], MR IE TR0, 1999, 20(5) : 1-6.
[5] MA C C, CHUANG K C, PAN S Y. Polyvinylidene fluoride film
sensors in collocated feedback structuralcontrol: application for
suppressing impact—induced disturbances[ J]. Ultrasonics Ferroe-
lectrics & Frequency Control IEEE Transactions on, 2011, 58
(12) :2539-2554.
B TR R E T, 4. PVDF R H SR A i 2R fL AR 3=
WA AT EATFE[T]. UM 5, 2014(2) 24-
27.
(7] HB, JA%, BRI, PVDE F RS R 25 % RSP B 5
[1]. THRERPEL, 2004, 35(4) :450-452.
[8] &M, AR iU A5 5 Ab 3K LA E A B BB 22 52 v (4 i
JAWFFE[ D], HUM  BTTLRA:, 2006.
(9] #hivmN, e, RAES, 5. JET PVDF BRI R G000
FE[1]. AUl 2015(6) :67-71.
[10] MOHAMMADI B, YOUSEFI A A, BELLAH S M. Effect of ten-

sile strain rate and elongation on crystallinestructure and piezoe-

—
=)}
[l

lectric properties of PVDF thin films [ J ]. Polymer Testing,
2007, 26( 1) :42-50.

KiE B HE:2019 - 03 - 04



	第三期-- 副本_部分175
	第三期-- 副本_部分176
	第三期-- 副本_部分177
	第三期-- 副本_部分178

