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Abstract

Sone concepts of the functional or-
ganisation of the sensory ¥ste in nen
and animals are consrdered hat can
serve as abasisf ordesrg artifici-
al sensory systems fo robots The paper
describes a human tac rle system a de-
vice simulating the tactilé function,
algorr thms for form recognrtron by sense
of "touch and the results of the experi-
mnts with such an artrtrcral tactile
system

1. Introduction

obot-1like devices adapt-
nt environments and per-
t tasks, we must first
these devices to perceive
mation on the external world;
othe wirds such devices nust possess
I ficial sensory systems.
The results of Sensory systems
udies in mn and animals ‘allow us to
Y. d0hh sone general principles of or-
nization and functioning for such sys-
ms. These principles can serve as a
sis for development of hardware ana-
gs of natural aensory systems. Anon
ése principles the follTowinga shoul
mentioned.
1. The devel opment of concepts
ome s surraundings and one's own
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e system usee the Information
dsimul taneously by di fferent
earrng, vision, touch, etc.
a ng in perception and processing
nfoormation,
mbi nation of sensory and motor
or the a br | 1 tyof sensory sys-
e orm active search of néces-
rmation through appropriate no-
okinground, touching, etc.
0 (eye
. ete

t) independent motion
3. Multrlevelorganrzatronotth
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sensory data proceasing which permts
on the one hand, the lowest |evel detec-
tors to of recognize the elementary fea-
tures e entralfor the recognitijon of
the obr ct and, on the other hand, to
discard theuseless nonessential infor-
mat | on.
, 4# Awell-definedstructural orga-
hrﬂ%t lonof thereceptors-receptive
lelds.
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, 5. Thevariabilitywithinwidel |
mts, of thesensitivitythresholds
with the task and the state of the en
vrronnt(rIIumrnatronIeveI,norse&
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There is no doubt that for humn
beings visionis the principal way for
perception of the information about the
xternal world. Hearing is essential

Pecra.l étln communi cation
ognition) her sense organs includ-
generally consldered to

(speech

gt ouch are
Iess ' mportant. But t
especraIIY for touch,
rhhortance of tactileinformation
nder estimated. | 0ss of

his isnot quite
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s un Because
i ght or hearing occurs rather frequent-
y, while complete loss of tactil e per-
eption is a rare phenomenon and as a
ul e is accompanied by the loss of no-
or activity as well.” In this situation
he motor behavior is out ot the ques-
fr Because of thisinseparability
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0 motor and tactile functions we are
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clined t o consider the latter as some
herent property and therefore to un-
restimate i ts Tmportance.

But in reality, inmny situations,
especial ly in performng mnute and very
preci se mvements, such as screwing
nuts, assenblage of smal| mechanisns,

etc., the sense of touch is very |mp
ant and cannot be substituted by vis
e can carry out such tasks rather
easrly even wi thout any visual control
he foregoing discussion mkes it
evident that “design of manipulators
capable of a wide range of functions re-
quires coordinated work of at [east
three subsystehs motor, visual and

tactl

But as afirst step
ry towork out sonme a
each of these subsys e
Since, on the one hand,

ort-
1 on.

| t 1S necessa-
roxrmatronof
separately.
the motor cont -

rol and perception of visual informa-
tion are much nore advanced than design-
ing artificial tactile systems and, on
the other hand, the latter is no |ess
i mportant, we decided to concentrate
our effarts first on the problems of
artificial tactile sense and formre-
cognition by tactile perception,

~The fiTst obrec lve in desrgn 0f
artificral taotile systems is "sensebi-



lization" of the protheels of extremiti-
es. As early ae in the fourties N.A.Bern-
stein pointed out the importance of the
sensibilization of Ie%e prothesiB. Later
sensibilization of artificial wrist was
sug%ested by N.Wiener (1) and ofterwards
by R.Tomovic (2), These projects had
were of theiretical ratheT than practi-
cal importance. It was only with de5|?n
and improvement of manipulators that the
artificial tactile systems became a prac-
tical %roposmon. _
There are now a number of devices
for tactile recognition of the form.
These devices fall quite naturally in
two groups, devices for the recognition
of the shape in the course of a single
grasping of the object by manipulator
or an artificial wrist, and devices for
active tenacious probing of the object
by the sensitive element moving along
its surface. _
_ The first group includes the pro-
jects accowollshed at the Tokyo Univer-
sity (3), Waseda University (4), Hitachi
Co " (5) and some others. Transducers of
the "on-off" type were used in all these
projects. The ‘experiments show that even
with a very limited act of objects (two
types only, bars and cylinders) the rate
of recognition is not high, and even a
slight change in the size of the objects
can affect the results very strongly.
~Active feeling of the surface was
realised by S.Aida and others (6). An
artificial finger with four sensory ele-
ments of the "on-off" type can move
alonfg1 the surface that 1s being
In the case of the loss of the contact
with the surface a special algorithm
of search starts. _

By changing the coordinates and
orientation of the finger one can ob-
tain the information on the shape of the
oblject. The authors of the project de-
velop this system as a part of "'a symbio-
tic tactile-visual recogn_lzm? system
with the visual part playing the main
role. This tactile system per se does
not seem to be very effective, because
it performs only random probing of the
surface instead of purposeful search of
its most informative elements.

2, Pring¥* Transducersg and
TEAN1ZA n o e Receptivw
H‘ra—g 25 SU0 SetopRLre

An effective system incorporating
the general principles considered above
should, in our opinion, be corroborated
by study of published data, and (1) in-
corporate transducers which can détect
the amount of pressure (i.e. of "propor-
tional" tyPe) which are much more in-
formative than the "on-off" type; (2)
ensure the functional interaction of the
transducers, or provide an artificial_
receptive field. Thus we can, as it will
be shown later, organize purpose-ful
rather than random search of the infor-
mative elements of the surface.
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explored.

It is well-known from differential
geometry that the local description of
the surtace element can be given in terms
of its curvature in different directions,
passing through the given point by find-
Ing the so-called principal curvatures.
The algorithms, described below, are aﬂ-
proximative Implementation of this mathe-
matical method. _

For the calculation of the curva-
ture of surface in a given direction it
IS necessary to have the data at |east
from three points belonging to this di-
rection. A system of 9 transdurers, or-
anized in a3 x 3 - matrix estimates
the local curvature of the surface in
four directions simultaneously. Having
this in mind we chose a 3 x 3 matrix con-
sisting of proportional pressure trans-
ducers to serve as an elementary recep-
tive field. A special conductive golymer
was used as a sensitive element (7).

3. Recognition of Primary Features
of Surface Elements

Let
X" xt; S x,

be the data from the trensducers of the
tactile matrix, spplied in a point to
the surfaece in normal direction. Let us
introduce the guantities

rS: =Xs ‘2//)(,' +Xye -i/

"1'2.3.40
These quantities are second differences,
or discrete analogs which represents the
surface. Therefore they specify the cur-
vature of the surface in four directiona.
Note that the change of the intensity of
presging the receptive matrix to the sur-~
face change the values of X, proportion-
ally, so the relations among o: do not
depend on the grasping effort in the aré-
ficial wrist or manipulator.

Let us consider the quantities

Su:n = ”f‘” ‘5: and o!f

where S,,y is the value of S,’ in the
directjon, ortogonal to the direction in
which iwm 18 obtained, We may conslder
these vaiues as an approximative analog
of principal curvatures of the surface
in 8 given point.

Let us refer to the element of the
surface s directed if &, .. differs es-
sentialy from &,,# . The exsmples of
the directed surfaces are a c¢ylinder,
cone, edge, etc. A plane as sphere, etc,
are nondirected surfaces. Therefore the
value of the difference o, ~daun

ive us the first dichotomy for the sur-

aces: directed and nondirected surfeces.
For the directed surfaces, when ... de-
termines the direction we can tell cylin-
ders from edges using the value of 3.7
and we can tell an edge from a curvili-
near edge using 9o . In the class of

L



nondi rect ed surfaces we di stinguish a
pl ane, sphere ang peak (vert ex) by the
nean curvature, | 5
Practicall ythe pe'rrrrentsvvrth
recogni tion vere staged only for the con-
vex surfaces* But¢ If we pay attention
not to the absolute values of &; alone
but to their signs too, we can classif
concave and sadd e-like surfaces in the
sane process. The procedure descri bed
apove i s easil g/ rorana e. But it vras
of sone interest to realise this al
r| to increase of the speed od
e y a special anal og preprocessor.
dévi ce has been manufact ured and
8). But the accuracy of the de-
n’of the | ocal types of surfaces
Anthis case. For instance,
i nder and sphere 1t was nere-
S resuIt was partly due to
mat whi ch was not' pre
t m)stly to the lowcal -
acy NevertheI ess we t hi nk
of preprocessor detec-
p |rrary featu es of the sur-
d
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| npl enent ati on of the sane
mga e a nuch higher accuracy.
tS of the experinents with
onof the surface usinga
am for the "Mnsk-22" com
sented in Table 1. The ave-
r the 6 elenents, present-
1s about 12% This ac-
nly on the accuracy
I’Xx. Using nore pre-
ements can. i nprove the
e recognition up to

4. Shape Recognition by Siml-
taneous Gasp

. Experjnments with classificati on of
objects wi th sinultaneous grasp by a
two-finger man| uIator Withtwo tactile

Ices of the type described above
taged. Five types of objects of
rent size were used:. cubes, sphe-
ylinders, cones and pyramds (9).
orientation of the objects vas ‘ar-

Formrecogni tion vas carried out
y a systemof “‘three units. Tw of these
r he information fromtwo tac-
| «es Wi th the "LCDA" pro ram
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fields) tograsp the object or an addi -
tional ‘al gorithmfor act1ve search of
| acki ng data (or successive probing of
the object).

D. %age Recognition by Active
tTons

The al gorithmof the recognition

ﬁerates | " several steps. Allst of

e opjects to be classjfied and fheir
| ocal "features nust be ntroduced i n
he conput er rrerm)r){ re and. After
he contact of the actr e mtrix with
he surface of the o jects to be recog-

ed, the " r ogr am det er m nes
| ocal type of the Surface el errent
processing of these data |eads t
hypot hesi s on a possi bl e sh
J
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S %enerat ed whi ch dr ctates the no-
the tactile matrix, looks |ike
NORECITNand i s displ ayed*
t eraction of the manipul a-
tile systemwas not com
, the tactile mtrix was
experinenter rather than
lator. The tactics of suc-
ching the surface elenents
ed on t he knovrl edge of hunan
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he surface of the o Ject
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above programreferred to as a
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Concl usi on

The experiments carried out in ou
aboratory showthat even with a rathe
[ | vé equipment 1t isp ossrbl t(f)
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al ta e sensrn? or nanip
S. e t k that | owi ng basl
be usef ul

y
. Using proportignal transducers
€ informative than the '

e.
.. Organi zation of a group of trans-
a unifjed sensory system of
rrx
| zation of the process of
h of the nost I nformative
surface el enents,
Fur ther sophi sti cat i on of the sys-
temmst i nclude the rovenent of the

tactilemtrix, orrple e aut onat i on of



of the process of active touch novenents, 6. S.Aida, L.Cordella, N.Ivacevic., Visu-
experiments with acre direrse objects. al-tactile symbiotic eystem for ste-
[t is very |'ikely that further re- reometric pattern recognition. 2nd
searches of the interaction of a mani Pu Intern. Joint Conf, on Artificial
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Table %
Recognition of the local types of the surfaces
Surface Curvilinear
Answer Peak Sphere Plane Cylinder Bdge edge
Peak 100% 18%
Sphere 82% 2%
Plane 84% 6% 2%
Cylinder 16% 88% 12%
Rdge 4% 80% 8%
Curvilinear
edge 6% 92%

Trajectory of the sensor's motion
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Tactile matrix
Pis. 2



