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A Full-Body Tactile Sensor Suit Using Electrically Conductive Fabric

Masayuki Inaba*, Yukiko Hoshino* and Hirochika Inoue*

We present design and implementation of a tactile sensor system, sensor suit, that covers the entire body of a robot.

The sensor suit is designed to be soft and flexible and to have a large number of sensing regions by using electrically

conductive fabric and string. The whole signals from the sensor suit are superimposed on a visual image of the robot.
The construction of sensor suit with 160 sensing elements for a full-body humanoid and the experimental results to
evaluate electrically conductive fabric and the tactile sensing unit are described.
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e 2: ECS Wiring

~*= 3: ECF Switch Pattern
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1: Cover -> a cloth for protection
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Fig.1 Layered structure of the tactile sensor units
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Fig.2 Layers of each sections of a sensor suit
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Fig.8 Procedure to assemble parts of a sensor suit
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Fig.4 Resistance between two ECFs in applying force [r: resis-
tance f: applied force]

MEAOBAZ A X LbDTH 5.

Ay XICHWAERIE, B8R, B, —v T, EREEFA
TE5%. EBOBEICIE, SIS EBTIVLENDH S,
¥z, BNEOHLIRZZ2EREAIL 2 EM I HEOEER
BTHLIBMHRELZER L 2RI LRV, ZI Tk, Wi
HWBMOBEEOLEVEHEZ Y VEAYF LEZLDEHVS

Ay FRABFEVPREDLILIZE o TEHMEDES, E9215 (48
15[g/m?], =y &V :7[g/m?, LedT#)), E213 (=v%¥
Vi T[g/m?), FHEY) o 28R (HER®BRES IbO M) %,
o, BELXLOBA»CERFML, tUHA—VICHE
LIMEDD D% BRI L RITo 7.

4.2 FEHICL2EMIEMEOE(L

Atz bk, UEUT777) v JHOBEMIZL ST
On/Off DMBHIE 2T BT 2o T VB, MBHT 77 v
7% 2MERALL ZICFIIIMPBENC L o TERKHAE
250, dv VEEEITICEEEMSCBE0NEL
ARD.

2HD 5 [cm] UADOBBHT 77 ) v 7 2 REBH & LTHWY,
BOBON 1[cm| DIETELS L) ICEEL, 20EZ->TW»
BEAO LIS [cm?] OREDOLFZICHMEREL E VI F
ETHN. RBEFOMASDER, 1) E9215 & E9215, 2)
E9215 & E9213, 3) E9213 & E9213 » 3 MEE* HET 5.

WRIIFig. 4 TH5. BMHE LTUITH/NSLRET, 2K
DT77TVY IDNRELTHMETEZ ENGDE

72, ATV ADHFEIIBMLTOERLIT oA, E
BERERICBWTE o7 B UEREILER L.

4.3 HFPITVICHT I IHAM

EHIHHIEDL1DIC, HirLOBBMETIIHY #iFf e
ThHHRILEEZONSE, £2C, HIHYMITFRITISHT
DRAMEE WA, ) T EMER Z 3 D BRI A ALK
ERARDLOICHABRAE LT, A) MBMT 77 v 7 E9213,
B) E9215, C) 7 7 I F ik 40 Bk Edk, D) ARxmickEn
DI ERELL. FE5(em) A Y o7-b D%, HKid
10[cm] DE &Y -2 b0 BETS. #hb%, &5 1,000
B, 1) #EEEEH 1.25 [mm], FOBRFEIHEDE LT

Jan., 1998



DL R A SRR S VAR -2 2, Bir). - R s e 83

—5
30 ) (&) -o—
/'/ {c; - -
[ (D) ..x_._.. S

=

0 200 400 600 800 1000
n times

Fig.5 Durability Experiment (1): repeating fold and unfold [r:
resistance n: repeating times]
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Fig.6 Durability Experiment (2): rubbing each other [r: resis-
tance n: repeating times]
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Fig.7 Humidity test in wet, midium, dry cases of ECF and
ECS [r: resistance n: passing days]

Table 1 Sample net for sensitivity check

net thickness hole size feature
sample [mm] [mm x mm]
1 0.45 2.3 x 4.35 cotton, oval hole
2 0.15 1.45 x 1.45 nylon, circular hole
3 0.1 1.25 x 1.25 | nylon, hexagonal hole
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Fig. 8 Sensitivity test of three sensor units (left) the image of each sample, (Center) re-
lation between resistance and applied force, (right) hysteresis loop [r: resistance

f: force]
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Fig.9 Structure of the sensor suit for the full-body humanoid
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Fig.10 The sensor image map of the sonsor suit and an exam-
ple superimposed on a stereo image of the robot vision
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Fig. 13 Reaction (2): when the human holds the both arms of
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