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Haptic Recognition System Based on Sensory Integration
and Active Perception

Yutaka SAkAcucHI*

When perceiving an object by touch, human beings integrate various sensory information with observ-
ing the object’s surface in appropriate manners, such as rubbing, pushing and picking, according to the
proceeding of the recognition. This fact suggests that sensory integration and active perception play
essential roles in the haptic recognition process.

In light of such characteristics of haptics, the author constructed a haptic recognition system which
descriminated feel of touch in a similar manner to human’s. The system is equipped with several sensor
devices, including a vibration sensor, a friction sensor and a thermal sensor, and can push and rub the
object’s surface with several values of force and speed. It integrates information from these sensors
iteratively with selecting an appropriate sensor and a measurement condition according to the proceeding
of the recognition. The algorithms of sensory integration and of active perception are realized by
Bayes inference and by an iterative experimental design based on an information criterion, respectively.

The experimental result shows that the system can discriminate subtle difference in feel of touch : It
can discriminate 16 kinds of paper and cloth almost perfectly. It is also proved that the system selects
appropriate sensors according to the proceeding of the recogntion, that is, the active perception algorithm
realizes good recognition accuracy by fewer observations than the random observation algorithm.
In addition, it is shown experimentally that the characteristics used in the system well correspond to those
human beings utilize in haptic recognition. These results suggest that the constructed system is a faithful
model of the human haptic mechanism.

Key Words: haptics, active perception, sensory integration, model of human perceptual mechanism,
itterative experimental design
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Table 1 Characteristics of mechanical receptors

Size of RF Optimal Stimulus
Vibration of 40Hz

Type Receptor

RAI Meissner corpuscle Small

SAI Merkel cell Small Sustained pressure
RAII Pacini corpuscle Large Vibration of 100-300Hz
SAIl  Ruffini ending Large Shear stress
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Fig.1 Schematic structure of constructed system

Move Horizontally

(S,
e ———
+ nsor Head{ !
/ * Rail ; Mount

Lift Up pr>
Spring
bt (LLLo@ Col
o o /! Stage
9 \
7 A 5 ¥
oo — X i
Stepping Motor Potentiometer Motor

Fig.2 Structure of sensing unit



1220 T.SICE Vol.31 No.8 August 1995

Photo.1 Sensor head

#2 2 % (Fig. 3).

WE 2 oY REEL TW5 7V S SHERIC I/ Y S
Sy 7= THY, TOFKAELZFHL T
V) ayvdADRERFIZ—FEICED., EEENLTH
BT5003, BEEEPRELTHILICLEST, MKW
Bl L7 D v ) a v T AU OBEZEL /NS L
HMz20Ths.

~y RiE, BEG 200 L CHEEET % X 52, BE)
BN LTHTY Y7 THRENATWDS, 515, ~y
PR C & > TBBIGIHEEShTE Y, Z0MiE
DSHLALEICETT 2 £ 5 B8 H I X diein->T
W5, OIS BB, Uy AESNRERIC
Bl TEoONnD L X, b9kl RERE DR
D7 uBEEIIOKRE S 2~y FORERE L TEZ
2ZLBTESL, $hbb, TOXHIIEBICL 2K
[ OZER 21 2 5 SAIl BIZAEB IG5,

Ay FEEKERE S € 2551, EiEE—5
DO TLAHERE2EE, Ih2NL(BEBE2EH I
2Lk oTw3, BEIELE K BOEE 22 57
O, BHBIIRT ) VI EAWLEBEEEL TH 5.
E—F I3V RIBERASATRIC L > TEREIL, SV RIE%
ZhEE3 L ick-> TEBHEE 2L 2, kB,
~y FOEEBI—ARIZEONAT WS, REHT 7 A
F Y CERAEDH ZRRIFHFZ 2\,

BEM LA O W TR, RETH S THH
75,

4. 5 X B

4.1 BEEFMRREOTNITY XL

ET, KYATATHOIREBNEZROT VT ) X
LW ZOnTARNRS,

TNVT Y XALEERET 5720, Fig.4 Ok > 2%
HRETNVEEZ L, RIZRLIZED I, ZOEFNVIE,
S5 & 1R & 52T LY RFTRY 2 S ERALER (e i) %
Nz 52 BEB L, BEB» S OBEREME L THROIHN

— Rubber Wheel [+ Potentiometer
Rail [l

L] Moum

Silicon Rubber Microphone
Leaf Spring Silicon R%
Head Thermistor
Top View Side View

Fig. 3 Structure of sensor head
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Table 2 Experimental conditions

Speed Force
S 33 mm/s 1 0.23 N
M 43 mm/s 2 0.32 N
F 60 mm/s 3 0.46 N
(error) 1.5 mm/s (error) 0.04 N
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Table 3 Characteristics used at experiments

No. Characteristic Conditions See 5.1
Speed Force
1 High Freq. Compo. of Vibration S 2 a
2 High Freq. Compo. of Vibration S 3
3 Middle Freq. Compo. of Vibration S 1 c
4 Middle Freq. Compo. of Vibration S 2 b
5 Middle Freq. Compo. of Vibration M 2 d
6 Middle Freq. Compo. of Vibration F 3
7 Freq. of Angle Rotation F 1
8 Freq. of Angle Rotation F 2 e
9 Amplitude of Angle Rotation S 2
10 Amplitude of Angle Rotation M 1
11 Amplitude of Angle Rotation M 3 I
12 Amplitude of Angle Rotation F 3 g
13 Slope of Temperature Change = 1
14 Slope of Temperature Change = 2
15 Slope of Temperature Change = 3 h
16 Deformation - 2
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Table 4 Material samples

Name Material Name Material
AL  Aluminum Plate RB2 Rubber (NBR)
TL Ceramic Tile PP1 Paper (Plain)
CR Cork Plate PP2 Paper (Coated)
PL  Vinyl Resin LT1 Leather (Cow)
AC  Acrylic Resin LT2 Leather (Chrome)
SF  Styrene Foam LT3 Leather (Suede)
SP  Sponge LT4 Leather (Suede)

WD1 Wood (Cherry) CL1 Cloth 1

WD2 Wood (keyaki) CL2 Cloth 2
RB1 Rubber (Plain) CL3 Cloth 3
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Fig.5 Example of recognition process 1
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