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Design and Experiment of Flexible Multi-Functional Tactile Sensors for Robot Skin
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Abstract: Flexible multi-functional tactile sensors are designed and fabricated for intelligent robot skin to detect three-
dimensional force and temperature. Using the significant piezoresistive effect of carbon black/silicone rubber, a three-
dimensional force sensor with four-electrode symmetrical structure is designed. Using the significant temperature sensitive
effect of carbon fiber-PDMS (polydimethylsiloxane), a temperature sensor with interdigitated electrode structure is designed.
The principles of three-dimensional force and temperature detection are analyzed. In view of the themechanical/temperature
sensitivity cross-interference of the two kinds of conductive composites, the flexible multi-functional tactile sensor array is
structured in the way that three-dimensional force and temperature sensors are arranged in alternately concave-convex form.
The experiment results prove that the flexible multi-functional tactile sensors have three-dimensional force and temperature
detection functions and can be applied to robot sensitive skin.
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Fig.1 Sensor for comparative experiment
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Fig.8 Three-dimensional force calibration experiment
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Tab.3 Dimensional interference of three-dimensional force sensor
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Fig.9 Temperature calibration experiment
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Tab.4 Resuits and errors of temperature experiment

T IPC ERME AHMRE(%)
LR ERME (R—Ro)/Ro T
20 19.13 0.2811 1.24
30 27.44 0.8459 3.66
40 35.35 1.3835 6.64
50 45.52 2.0752 6.40
60 54.48 2.6843 7.89
70 64.05 3.3354 8.50
80 78.88 4.3440 1.60

B3R 4 °J40, REABAEN LA 5 SEPRE E
fFHE—ERE, HPBRKXMETREN 850%, HMT
10% (ZEIRERVFERER) . AT, SRERS
EFREEEFERN —EE R EE RREARZNIE
g fAEEREMIRETIE. B TREMA S, PDMS
WA RAERK, MNRE/DN T IR 46 HidEft, F
LSRR b N B Y SO P RS Y Sk s A i
ok, FE—ENELHEIRE. HRA%E 5 LA
H AR IE AT A, BT IR A AL
—ERAEL SR E. RN, A% DA KA REE
SHTEHEARBSNESETNBEME. AL, R
#E—PDMS X 8 &8 kL AT T HL B F R 8
RSB, EFREES, XFEMSHEIEY
FEATREN, BTG RIEEEMHIRE.

FHSCIe 45 R nT 4, J5 R AR Rk 3% A s PR A {b B A

SRS ATARRE. 25 AT SR B B AR S R U A
KRR, W PR B AR IR AR B & T T M RE.
5 %51t (Conclusion)

AU HETHRE-FERKREENRESN (E2
KRR Wit T VY AT AR =4 )
iR, BT %-PDMS 535 5 BUR BN
Wit T XIEG MR E AR, AER EST TR
M=% HFEE R LERE. Xt =47 FiE
MIZE PR, Ttk 2 D REfl o 4% ik 28 FE 5 R A
=Y AR AR PR S HAA S, SRR
E T 2 T s BRSO A4 F BH A% 3 [R] 4 FH B Fe BEL &K
NiEES, EEEMN a2, =4 AR
LR, XFMFRORES DM ERERE
Rl = 45 AR EERIThRE, "R A THLS A BUR &

S %3 Hk (References)

{11 Someya T, Kato Y, Sekitani T, et al. Conformable, flexible,
large-area networks of pressure and thermal sensors with or-
ganic transistor active matrixes[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2005,
102(35): 12321-12325.

[2]1 Engel J, Chen N, Tucker C, et al. Flexible multimodal tactile
sensing system for object identification{C]//5th IEEE Confer-
ence on Sensors. Piscataway, NI, USA: IEEE, 2006: 563-566.

[3] Wang L H, Ding T H, Wang P. Research on stress and
electrical resistance of skin-sensing silicone rubber/carbon
black nanocomposite during decompressive stress relaxation[J].
Smart Materials and Structures, 2009, 18(6): 1-7.

[4] Weiss K, Worn H. The working principle of resistive tactile sen-
sor cells[C]//IEEE International Conference on Mechatronics &
Automation. Piscataway, NJ, USA: IEEE, 2005: 471-476.

[5] Pecora A, Zampetti E, Pantalei S, et al. Interdigitated sensorial
system on flexible substrate[{C]/IEEE Conference on Sensors.
Piscataway, NJ, USA: IEEE, 2008: 21-24.

[61 Ochoteco E, Pomposo J A, Sikora T, et al. All-plastic distributed
pressure sensors: Taylor-made performance by electroactive
materials design{J]. Microsystems Technologies, 2008, 14(8):
1089-1097.

[7] Noda K, Hoshino K, Matsumoto K, et al. A shear stress sen-
sor for tactile sensing with the piezoresistive cantilever standing
in elastic material[J]. Sensors and Actuators A: Physical, 2006,
127(2): 295-301.

[8] Khnite M, Tupureina V, Fuith A, et al. Polyisoprene — multi-wall
carbon nanotube composites for sensing strain[J]. Materials Sci-
ence and Engineering: C, 2007, 27(5-8): 1125-1128.

91 2K, XfpEk, Bk, B ISEARITTEEXTANHES
AL FEHl (7). HLE§ A, 2010, 32(2): 150-156.

Lan T, Liu Y W, Chen Y B, et al. Synchronized cross-coupled
control for base joint of dexterous robot hand[J]. Robot, 2010,
32(2): 150-156.

CTFEESE 359 )



FE3BHEHE3IM

% 8% ETEEMNEHIMIRE TR ERRER TSR 359

6 %5 (Conclusion)

WER T 8 T B& KRR BRI I B I ER ]
JriE, Wit AR RS R B R 2 R E AN B A X E
AEATHME, BROhIRE THERNEREE. Hl
5T BBNRIZESE A EEAR RS K. BFEE
IS SRS S8 O RBRE H BT AR R Y, £
T- DSP fda il 2 45 S B T 390 8 R0 4 1 0k ) S
LI, LR REY, BAKEBRE MRS,
W IE W P PR H PREREF R, RE LAERRE.
B 5, AN SR BOSS A5 I ER 5 J7 v oot F At R AL
KT B R EH e — e SEH.

£ 23k (References)

[1] HE, fLAE, FKE. NS AP0 L fehl M),
B3 FIMTA AR A, 1997.

Huang Z, Kong L F, Fang Y F. Mechanism theory and control
of parallel robot[M]. Beijing: China Machine Press, 1997.

2] @Ak, FHER RAEESE M. GbE: ARVA R,
2001.

Yan H L, Yu X M. Physiology of the eye[M]. Beijing: People’s
Medical Publishing House, 2001.

3] #FERM, RBALT M. 0. ARDAEEMR, 199.

Li F M. Encyclopaedia of the eye[M]. Beijing: People’s Medi-
cal Publishing House, 1996.

[4] Cannata G, Maggiali M. Implementation of Listing’s law for a
tendon driven robot eye[CJ//IEEE/RSJ International Conference
on Intelligent Robots and Systems. Piscataway, NJ, USA: IEEE,
2006: 3940-3945.

(51 HH, B%EH, fEK, % REHFBRENKRESET
B0, BABEERRE, 2000, 108): 751-756.

Huang T, Zeng X J, Mi Y B, et al. Dimensional synthesis of
spherical parallel manipulators[J]. Progress in Natural Science,
2000, 10(8): 751-756.

[6] Gosselin C M, Hamel J F. The agile eye: A high-performance
three-degree-of-freedom camera-orienting device[C)//IEEE In-
ternational Conference on Robotics and Automation. Piscat-
away, NJ, USA: IEEE, 1994: 781-786.

[7]1 Goseelin C M, St-Pierre E, Gagne M. On the development of
the agile eye[J]. IEEE Robotics & Automation Magazine, 1996,
3(4): 29-37.

(8] &M, Wk, mik FANLE AR X REEFES R
(31. *HEHBLE, 2009, 20(14): 1639-1642.

JinZ L, Cao S, Gao F. Design and kinematics analysis of a novel
robot shoulder joint[J]. China Mechanical Engineering, 2009,
20(14): 1639-1642.

(91 XUFRIE, SKA7, VL. B S EAR R . S RN
fif: TMS320F28x[M]. Jb3%: HUB Tk HiRRAE, 1997.

Liu H P, Deng L, Jiang Y. Theory, architecture and application
fundament of digital signal processor: TMS320F28x[M]. Bei-
jing: China Machine Press, 2007.

fE&ZE T
& A (1986-), B, Wb, WA BLES LIS 1
ARREA.
Wy R (972-), &, #HEE, WL SR SR HLES
ARLHE S0 AR B A

(LR 353 7D

[10] Wisitsoraat A, Patthanasetakul V, Lomas T, et al. Low cost thin
film based piezoresistive MEMS tactile sensor[J]. Sensors and
Actuators A: Physical, 2007, 139(1/2): 17-22.

[11] Huang Y, Ming X H, Xiang B, et al. Two types of flexible
tactile sensor arrays of robot for three-dimension force based
on piezoresistive effects|C)//IEEE International Conference on
Robotics and Biomimetics. Piscataway, NJ, USA: IEEE, 2009:

1032-1037.

[12] Manunza I, Bonfiglio A. Pressure sensing using a completely
flexible organic transistor[J]. Biosensors and Bioelectronics,
2007, 22(12): 2775-2779.

[13] Shih W P, Tsao L C, Lee C W, et al. Flexible temperature sensor
array based on a graphite-polydimethylsiloxane composite[J].
Sensors, 2010, 10(4): 3597-3610.

[14] Chang W Y, Fang T H, Lin H J, et al. A large area flexible ar-
ray sensors using screen printing technology(J]. IEEE Journal
of Display Technology, 2009, 5(6): 178-183.

[15] Chia B T, Chang D R, Liao H H, et al. Temperature sensor ar-
ray using flexible substrate[C]//20th International Conference
on Micro Electro Mechanical Systems. Piscataway, NJ, USA:
IEEE, 2007: 589-592.

fEEE N
¥+ % (1960-), L, M, HIF. RS BUEMES
FERBEAR, HLEs AR AR,
B 4B (1986, B, it WRRAUE: BURH B 518
HAR, L35 AR Rl B s



