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sensor are packaged in the same polymer sensing unit

He fei University of Technology,
In order to realize the compound tactile sensing of mechanical finger

and a fiber Bragg grating (FBG) is used as a sensing
The characteristics of the pressure sensor disturbed by temperature of target object are analyzed. A back
uncertainty error of strain sensor is reduced

propagation neural network is used to process the tactile sensing signal of FBG, and thus the recognition of the

a pressure sensor and a temperature
positive pressure applied on the surface of sensing unit is achieved accurately. The simulation and experimental
results show that this method eliminates the effect of the target object' s temperature on the strain sensor

. li . .

The compensation improves the stability of the pressure measurement
and the measurement accuracy. The temperature drift rate of pressure sensor is 1. 2 X 10
compensation. The research can be applied to the FBG tactile sensing array installed on the mechanical finger.
temperature interference to the strain sensing can be suppressed, so that the tactile
of flexible mechanical fingers have a broad application prospect
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Fig. 1 Distribution diagram of FBG sensing elements. (a) Three-dimensional distribution; (b) sectional view
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Fig. 2 Displacement contours of x-axis simulated by ANSYS
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Fig. 3 Displacement diagram of x-axis of packaging material when F=5.2 N
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Table 1 Embedded parameter optimization results of FBG sensor

FBG, FBG,; FBG,, Contact state
Material
A, /nm AA g, /nm AAp, /nm (FBG,, /FBG,; /FBG,.)
Cu 0.059 0.165 0.013 Y/Y/Y
Al 0.024 0.034 0.007 Y/Y/Y
Wood 0.007 0.029 0.002 Y/Y/N
Plastic 0.022 0.007 0.001 Y/Y/N
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Fig. 6 Pressure response curves of FBG obtained Fig. 7 Tactile response curves of FBG

by experiment and simulation

HIET 6 ) L, 28 4k B 4L A B0 R P 19 FBG A& R A g i 1 i 2 HoA RGP R PE L FBG 2 i e
4 H RS B0 T ) Y BBUREE R K, = 0.194 pm/Pas SE80 (8 -5 07 BLEAE AL B ST ] 5 05 BB AR LE
FRR AR R 22K 0.00189 nm, Y iiE 1 5285 89 FBG A& B A 1E ) J& g A% S8R0 v o P A n] SE e, [, i

0806001-4



H = e ot

K707 WL 7E ¢, =0.36 s BFia Nk far , FBG 1% 88 52 21 N 7 Wk vb i V8 S 5 e B 1™ A6 DE 0] A8, TG 3K
FBG & &A% HBUIE R AR 52, =1.29 s W45 AU N 2% 77 » BLI FBG A& IR A% o0 B [ 8 R IR I K . ml I, Y &
SR AN R 0.05~0.50 N [ IE [0 i J) H A%l B (S M+ =0.003 nm B, 3% FH 1 /) FBG 1% 8 4% T
PASE BN FE 7 B T 3R AL I

TE B BAR R A R AL E, LA S mm Sy [A]B8 , FE7E 10 /N7 8 st il F=0.84 N B IE [ £ 7 , il 5 4% 8% 5. 50
Y 3R FBG B KBRS an &l 8 irn . &l 8 BT I, W AR (& IR 4% FBG, Ml FBG, [0 i K1
E R TIE 2 =55 mm Fl 2500, =60 mm 4bH iz /ME AA i = —0.053 nm Al Ad e = —0.025 nm; £ 1E
[ A8 210 =30 mm Fl 250, =45 mm AA i KAH AA a0 =0.050 nm Hl AR e =0.053 nm; It B 1% J%
i FBG, T ARZIEm RS sgm, o KIS B8 0,

XFF FBG I A28 1% 8% 2% . 55 HE B U B2 X R 0 W25 R0 T4k, ARGl A —# iR TAERK N
1549.620 nm i 58K 0.741 nm S H 652 4 X B3 FBG i B2 AL R AT IR BEAME: . S HisWik S
BBl - B AR R AR AR AL BT R A R T B FBG Hh 0 B K A N M AR RS . RN
SR A FHREE T S FBG, By b KRR A 9 Fros,

0.4
0.08 E | P=0648X 107 MPa
E ool T BG £ | —=—P=1501X10*MPa
PR ——FBG, g 0.3 »—6—133:2.325>< 103 MPa A
= < U°[——P=2.882X 10" MPa
s 0.02 g | = P=5.443X10° MPa
e Fo o3 oo g 02
< 4
[
% -0.02f W~ g
& % 0.1
B _0.04f =
= [
) o
© -0.06 : : : : : s ‘ , . , . .
0 1 2 3 4 5 6 7 0 5 10 15 20 25 30 35
Load position /cm Temperature /°C
Bl 8 AN[FILE Hawg 1y FBG A il KRS i Ko R[FEERE SR T FBG H0 I KIER i
Fig. 8 Center wavelength drift of FBG Fig. 9 Center wavelength drift of FBG at
at different load positions different temperatures and pressures

B9 AT UL R AR AT FBG A& 888 o K & AR IRFS 51 R AY A0 I K EE A o 4 X B 2 IR B
A K . FBG DK 5 iR 2R
s

max

0.3656
X 100% =—
/\1;1—*3 A 0.101

| A g | N FBG o0 P 5L dk 240 X6 9 J KAEL A s A TE SIS 1E Y FBG o0 3K A 284S 1R .
(DO AT UL, FBG A8 A J8 45 52 TAE IR BE A 52 ma AR K, DRI a7 50 G 4 A7 T 3 A2 ARG T DAV B3k et B8 5 —
EHES R,
4.2 BPHEZMEBINGRERSH

e BP il 28 9 46 A5 B B2 5595 TP Y Polak-Ribiere & I 5535 6 R R JE AN 38 R FBG B AR f4 J&%
D KR T BP M M2, BP MM R 3 R4 A ZEA WA &G, 5500 h
FBG & I8 &% 0 P KR 5 FRLBE 5 1 )2 — S i 00, S R s A 5 )2 i 28 o A B30l i ) 1 S 90 310 A .
& FH N AR AL A FBG, 18 A AR E T R 38 43 W) 0.648 X110 %,1.501 X 10 *,1.784 X 10 *,2.235X10 °,
2.882X10°,3.770 X 10 ° MPa By BUHE AF A W 4% % 2] FE A, 4 A 8] i BE R 38 43 51 R 1.237 X107,
2.730X10°,5.443X10 ° MPa BYEHRAE N N IAEA . YFRZ TS BUNT 5% T 40 B, BP A [ 253
A RRFHET 5000 4. BRZ AR 40,50,60,70,80,90,100 A, BUZ T A0S BP #i4 W 4%
YIZrPERE Z BB OC R ANEL 10 s, B & 10 w00, Y B2 SO0k 70 B A /MBI 5 822 0.2774, 3E+#%
B2 AR 70, Y HAR R 22 00,0016, BP M4 W 48 I 2Rl B b i iR 22 PR R i R An &1 11 row . il &1 AT
UL, 487228 269 Ak B H bR 2,

5 FBG, #[A], % +#% FBG, 16 R EE T A [R] o 1) 9 245 2 ST REA R AR . 42 Matlab #E17 BP #4819 2%

xX 100% =361.98%, 4)

0806001-5



0.6f
training
Fs o
£ 05} % 10°
T T
g 5
5 04 5
: 5
0.3} =
40 50 60 70 80 90 100 0 50 100 150 200 250
Number of hidden nodes Step number
10 BRZETWANEE BP & ME 2Rt e Z 1Y X R 11 BP Mz 48 I kot 12 A 1 22 P e il 4k
Fig. 10 Relationship between number of hidden nodes Fig. 11 Error performance curves of BP
and performance of BP neural network training neural network training process

WIRJG A B AEA I 200 5 B S REAT He B, 15 3] FBG, #1 FBG, 1Y BP $it 25 00 £ fi 1 1 588 1) 268 % 158 2
B A 12Ca) L (b) B .l I 2R b 9 BP 28 9 28 X5 AN ] J5 g R A7 I B A2 L X FBG A% BB s 2R 17 Rl &
Wb BRI L TR A% R R IR B EERS A  1.2X 10" nm/"C L ZERIR H b5 9 AR B2 A2 f0AH [8] 5 00 F il BE R
FETES B W] PR

0.5E 0.5

@ —x— P,=1.237X 10° MPa () —*— P=1273X10* MPa
o P.-2.730X 10 MP —o— P,=2.730X 10 MPa
0.4f —5— P=5443X10° P 0.4 —&— P,=3.770% 10 MPa
5 8
£ 0.3 £ 03
: g
Z 02 ] Z 02 ]
s 2
2
2 01 < 0.1 (//\\\<
0 : : - 0
10 15 20 25 30 35 10 15 20 25 30 35
Temperature /C Temperature /C

12 BP P22 [0 25 iy i TR 3R I 8 X% 2 (6 . (2) FBG, 5 (b) FBG,
Fig. 12 Absolute error of output pressure of BP neural network. (a) FBG,; (b) FBG,

5 & ik

e th 7 — Ay LR T LT 48 09 FBG fil 56 A% 1% 07 ¥ L il i 1Y 5 FBG 5 A W kL Z [ 7 4% J1 (FBG
PR M XA i AL /L B 3.35X10° pe 3T E 4.45X 10" pe) . 0] AR & FBG Xt 1 ) REE
S EE SRR TR R T R FBG AL B AT LA SE B IE [ R 7 A TG 3R AL R oo K RS
HIEmE SR R R, REUE RZE K, =0.194 pm/Pa, REUEL AT h B AR Z 1 FBG L E
B IRAR 1 735, FE R BP B2 I 28 022 FA& 1 R 0 S 5000 . S8 285 SR WL FE TUE A 4 4 L B A8 1k
FAIE IS 0T S FBG JE 115 B 28 B R BE MR % 1.2 X 10" nm/°C . 7E SZBR & B, AR 48 FBG 52 (4 & )
FINR B AR 5 AT 45 20 022 FUE LE S 00 He 00 S (8, 9 B e X iy A ek 2 R Y S

2 % X #

[1] Zhao Dongbin, Zhang Wenzeng, Du Dong, et al. Abroad research status of PVDF tactile sensor for robot []].
Piczoelectrics &. Acoustooptics, 2001, 23(6): 428-432.
WA, RIS, B AR, . HLESAJH PVDF fil o % B 9 B AMF SR UK [T] . i 5706, 2001, 23(¢6): 428-432.
[2] Du Yangang, Pan Yingjun, Liu Jiamin. Research on three-axis tactile sensing head based on PVDF film[]J]. Chinese
Journal of Scientific Instrument, 2004, 25(s4): 215-218.
FEEN, WEBEAR, X5 2T PVDF LB =1 71 fill 58 (6 B FE (0] XA IR 4R, 2004, 25(s4): 215-218.
[3] Kim Y K, Kim K, Lee K R, et al. Technology development of silicon based CMOS tactile senor for robotics
applications[C]. 5" IEEE Conference on Sensors, 2006: 9718383.

0806001-6



H = # ot

(4]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Lu Xin, He Mingxuan, Li Yuan, et al. Design of capacitance detecting system based on capacitive sensing probe[]].
Transducer and Microsystem Technologies, 2011, 30(12): 95-97.

AR TBER, 2 IR, AR LT R A UL RN Sk B9 H A I RS BT U] MRS SRR SE, 2011, 30(12): 95-
97.

Liu Xiujuan, Xu Xiangjian. A tactile sensor using optical waveguide[J]. Chinese Journal of Scientific Instrument, 2002,
23(s3): 127-129.

XFEIR, VPSR OGS 4 il 5 1% 8 0] AR AR, 2002, 23(s3): 127-129.

Wang Fujun, Liu Li. Research on tactile sensor using magnetic-sensitive Z-element[J]. Electrical Measurement &
Instrument, 2000, 37(3): 37-38.

FEARAE, X A HETHER Z ST e AL RS o BRI (0] . s 5 AXER, 2000, 37(3): 37-38.

Shimojo M, Namiki A, Ishikawa M, et al. A tactile sensor sheet using pressure conductive rubber with electrical-wires
stitched method[J]. IEEE Sensors Journal, 2004, 4(5): 589-596.

Guo Xiaohui, Huang Ying, Teng Ke, et al. Modular design and implementation of flexible artificial skin with
temperature and pressure sensors[]]. Robot, 2015, 37(4): 493-498.

AN, B3, B B, 5. EMRIRE R 05 A R RS AL B 5 SE LT MLAS N, 2015, 37(4): 493-498.

Heo J S, Kim J Y, Lee J J. Tactile sensors using the distributed optical fiber sensors[C]. 3™ International Conference
on Sensing Technology, 2008: 10415799.

Yu Youlong, Xue Hang, Wang Yanxiao, et al. Temperature distributed sensing technique for the local-area of the
surface based on fiber Bragg gratings[J]. Acta Photonica Sinica, 2014, 43(5): 506001.

RAT, WM, EEBE, S S TOLL UM AP AR TR TR S (] 6T AR, 2014, 43(5): 0506001,

Sun Shihui, Yu Youlong, Li Hui, et al. Detection technique of stress waves based on fiber Bragg grating[J]. Chinese ]
Lasers, 2016, 43(5): 0505002.

IR, R, B, % ETOLEHORM B R B ARBETE [T P EEOL, 2016, 43(5): 0505002.

Si Duanfeng, Chang Bingguo, Liu Junhua. The research on the new compensation method of sensor's performance
based on BP artificial neural networks[J]. Instrument Technique and Sensor, 2000(1): 11-13.

A, CRORE, XA, JET BP A2 4 00 15 R AR R AR S i i R L) AU R B R F AL RS, 2000(1) ¢ 11-
13.

Shao Jun, Liu Junhua, Qiao Xueguang, et al. Study on increasing selectivity of fiber Bragg grating pressure sensor with
BP neural network[]]. Chinese Journal of Sensors and Actuators, 2007, 20(7): 1531-1534.

a7, XA, e, S AT BP AIZ 25 RO LT UM R ) AL RS i B B [T AR R 2R, 2007, 20(T)
1531-1534.

Zhu Daqi, Yu Shenglin. Data fusion algorithm based on D-S evidential theory and its application for circuit fault
diagnosis[J]. Acta Electronica Sinica, 2002, 30(2): 221-223.

RKAF, THEMR. ST D-S R4 B0 19 i Rl & 530 0 KOHTE v B BRE 2 W v g 2T (T 724l 2002, 30(2): 221-
223.

Mu Chundi, Ye Jun. Bayesian network for data mining[J]. Journal of Software, 2000, 11(5): 660-666.

B, M R T ERIZ R A9 DU R 2% ] BPEeA A, 2000, 11(5): 660-666.

Wu Junjie, Hou Hongjuan, Yang Yongping. Application of neural network algorithm in steam turbine’s exhaust
enthalpy estimation[]J]. Thermal Power Generation, 2014, 43(8): 125-130.

RRA, BRI, BBV EMERRTE R IR R P R [T #O0k L, 2014, 43(8): 125-130.

0806001-7



