135
mwmmm.mmwdmmsnmvmwm .

TACTILE PATTERN RECOGNITION BY BELGRADE HAND PROSTHESIS

Mr Z.V. Stojiljkovié dipl.ing., D.Z. Zaletié,dipl.ing.

Abstract

Thia paper preasenta results in tactile pattern pvecognition
performed by Belgrade hand prosthesis. The prosthesis is provided
with propricceptive transducers. Due to mechanical adaptation of
each finger to tha shape of the objeet it can bae used for clasei-
fieation of grasped objects by their gaomaetrical shape.

Criterion, deeision function and the recognition algorithm
are presented.The measure of goodness of the uaed decision crite-
rion ig given. .

Introduction

The Belgrade hand prosthesis is designed for prosthetic ap—
plication, It can be used, as well, as a terminal device of large
manipulator systems {1,2,3]. The first and main reason, which al-.
lows the Belgrade hand prosthaesis to be used for éeometrical pat~-
tern recognition, is the basic characteristic of the prosthesis:
automatic mechanical adaptation to the shape of the grasped ob-
Ject. The second reason is that the existing mechanical system
of the Belgrade hand prosthesis does not need any serious recon-
struction in order to perform recognition; The aim of'these expe-
riments is to show the advantages of the ﬁaiallel and simultaneous
gatﬁéring of information about the pattern. The artidulated systems
with considerably greater number of articulations would be surely
more favourable than the hand prosthesis. The best solution wold

be a nonarticulated céntinually adaptable system with elastic
shanks instead of fingers.
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Characterization problem

Characteristic parameters are taken out of the mechanical
system of the prosthesis. Thus we get the feature vector
X= {xl,xz,x3}, [4,5,6]. The elements of the feature vector con-
tain the information about the geometrical shape of the grasped
object. The features represent:

X, - measure of the relative position of the thumb and fo-
refinger;

X, — measure of the relative position of the ring finger
against the middle -~ finger and the forefinger;

X,-measure of. the relative position of the little finger and
the ring-finger.

Three transducers have been bﬁilt in the mechanical systen
of the prosthesis in order to get the features. Feature x is re-
alized through the potenticmeter R,. set between the lever (5)
/Fig. 1/ and the body of the prosthesis, and features X, and x4
through strain gauges, glued on the plate springs {8} and (11).
According to the changes in the mechanism of the prosthesis, vol-
tages X1 Xg and'x3 ch&nge their values. The features Xy1s Xy and
X4 as functions of the diameter of the grasped object are given
in Fig. 2. Only two classes of objects are taken into considera-
tion: the c¢lass of cylinders and the class of spheres. The objects
must be grasped so that the axis of the cylinder is parallel with
the palm of the hand or that the sphere lies in the palm. It can
be seen from FPig. 2. that changes of the signal Xy
a) (cylinder) and b) (sphere) are almost identical.

in the cases

Essential differences exist between the cases a) and b) of
the signals X, and X4 i

The signal xy has almost no information about the geometri-
cal shape of the grasped object. However, it gives very important
data about the dimension of the object. Those data are imporiant
for the decision function implementation and for the estimation
of the measure of the recognition goodngss. Signals X and %3
with approximately the same weights give abundant information
about the geometrical shape of the grasped object.
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Decision function

Functions x) anﬁ (x2+x3); both for the sphere and the cylin-
der, versus dlameter of the grasped objects, are giyen in Fig. 3.
. It can be noticed that x -_x1(¢} is such thgt we dan puf Xy in-
stead of ¢ at the axis of abscises. Then, the decision funcition.
.14,5,6] is defined by. ‘
d{x) = a,x; + ézxz + a3k, - T B & 3 I

In equation (1) T is the thresheold and ay, ay,a, are fhg_ﬁe-
ights.

- The decision criterion is given by

for xl *3v

Xy + x3 > 0.1 x, + 0.5 =~ Ephere’ 2)
2 * Xy < 0.1 x, + 0.5 » cylinder
for x v

%y + X4 > - 0,2 X + 1.4 -+ sphere (3)
g * ¥y < = 0,2 X; + 1.4 = cylinder
where

Y, = 0.1 x, + 0,5

1
is the straght line (1) /rFig. 3/, and

¥, = =0,2 x, + 1.4

is the line (2).
The decision function, from (2) and (3) is given by

L3V

1 2 ¥ Xy < 1.4 if X > 3 v

Let F be the characteristic funection given by

| 1

: =-0.1 x_ + X, + X3 = 0.5 1f =
ai{x) =
0.2 x

+ x

F = & X, + a x, + a.x

272 373
then the recognition criterion is
> 0 + sphere
diX) m P = 7 = : )
< 0 =+ cylinder
where,
for x, < 3V
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FPu-0,1 xy + L + Xq i T = 0.5, and
for X, >3V
Fo=0.2% +x)+ %y ) T = 1.4

Characteristic functions F for spheras and F for cylin--
ders are given in FPig. 4. Tha threshold T 13 also shown.

The threshold T defined above has caused a classification
error [7]. A reglon of indefinitude is defined in order to avoid
the error in classification. The waights a, ., {i=1,2,3), remain the
same, but instead of one threshold line (Fig. 4), two of them
{Fig. 5).ara defined. The threshold lines, as a function of the
diameter, ars given separately'for spheres and for c¢ylinders. The
region between those lines is the region of indefinltude. The
classifier can not decide, in that case, to which class the pat-
tern belongs.

The threshold lines are given in Table 1.

The program is written in BASIC for the VARIAN 620/i. In
Fig. 6. the.fecognition agorithm for the computer is presented.

The Goodness of the Decision Criterion

In the case, when the ciassifier can not make a decision,
the measure of goodness of the recognition,[probability),is P
= 1/2. Maximum goodness is P = 1 in the point where the classifi-
cation is best. Betwean these extremes, P is given by

P =S+

1 F=T| 4+ | (F=Timax
2 4 - [{F-T)max| (5

Experimentally obtained curves P = PS, for spheres, and
= PC for cylinders, are given in Fig. 7.

¢conclusion

The importance of a parallel gathering of data grows with
the increasing number of parameters in a system. The technique
.presented in thig paper, ¢an be used without difficulty in large
systems with great number of input parameters. Classification car
be manyfold.

It is possible to realize tha decision function without the
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‘use of a digital computer. Relatively'simple and cheap electroni-
cal hardware can ba designed for industrial applications.

The threshold lines

¢ (cm) ' cylinder . _sphere
0 - 2.75 C Te=0.4 . ] T =031 x, +0.34
2.75 - 3 T = 0.2} %, - 6.2 T = 0,31 x; + 0.34
3 - 3.75 T = 0.21 x, + 0.37 T = 0.31 x, + 0.34
3.75 - 5 T = 0.21 x; + 0.37 T = 0,04 x; + 1.37
5 - 7.5 T = 0.092 x, + 0.96 T = 0.04 x; + 1.37
7.5 < T = 1.65. T = 1.65
Table 1.
POTENT | OMETERI(R,)
ey
| >~/
I 7 '
P
S
! i
—~
|~/
L
N
xﬁ::- —
NN

STRAIN GAUGE T,
PART R°+

STRAIN GAUGE T2
PART Ro+

Fig. 1. Proprioceptive transducers
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Fig. 3. Determination of the weight coefficients
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Fig. 4. Characteristic functiona
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Fig. 5. Characteristic functions and threshold lines
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SELECTING TRE INPUT
"'t FOR ANALDG; "'0™ FOR DlGlTAL ’

YES : NO
DIGITAL INPUT
READINE [N : GATHERING DATA r&on
THE DATA . _ REAL SYSTEM

1 .
N\ _PRINTING X1, X2, X3 /

NO
X1'> 9

S

YES

AZ w1
A3 =

' Yrs . . :
WGy R

f v

 [F = AURXTeRZXi+h5 Y3 |

]

: Yes
-3 .75
QUTPUT: [F - Al*x1+A2*X2+A3*X3I &= 15
"THERE 1S NOTHING &
THE PROSTHES 5" ;

Ixo

[T = 0. 31*x1+o 3&}

[T = 0.31%x1+0.34] < F>0. 21x|+a 37)-—%% :)

T = 0.21*x1+o.3_j

©)

OUT uT: y e
HERE; DIAMETER {cm) : _ E
Dfm). PS . S

¥
»
@.5
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T = 0.31XT+0.34]

@

&

ND
- _F<0.31#X140.34 )

YES

¥ .

YES

. NOT SURE, UNABLE
- TO SAY ANYTHING

\ QUTPUT:

/

‘NO

LT =2.6x1-6.2]

—0

CF>D. 0hXT+] ..3?,F -

YES

[
(E28.21x1:0 37 >—YEE(E)

NO

| v
[T = 0.21x1+0.37]

5

YES

—( X125 S

——*—W'

3
SN .35)—1 no
YES

[ = 6.04x1+1.37)

i
= 0.04%X1+1.35 |

K

. PUT:
CYLINDER, DIAMETER (cm) / -
- .D{X) PC 7

YES

i

*xun.és‘).

(Be—=0.082
YES .

NO

LT =_0.992#X140.95]

Fig. 6. The recognition algorithm
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Fig. 7. The measure of goodness of the
recognition criterion
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