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T a c t i l e feedback is use fu l in performing many 
robot manipulator tasks. This paper describes the 
simple touch sensor used on the robot manipulator 
at the Coordinated Science Laboratory. This 
sensor has a range of 1 to 80 ounces wi th a 
r e s o l u t i o n of about 0.2 ounces at the low end of 
the sca le . I t is inexpensive, easy to cons t ruc t , 
and r e l a t i v e l y f ree of hys te res is , d r i f t and 
f a t i g u e . A lso, the output i s inherent ly d i g i t a l , 
which aids in i n t e r f ac i ng to a computer 
c o n t r o l l e r . 

where F is the force appl ied and x 
sensor reading. 

is the touch 

The recent advances in hybr id c i r c u i t 
f a b r i c a t i o n would i nd i ca te that an array of very 
small capaci tors might be constructed to provide a 
shape-sensi t ive touch sensor. Finding a mate r ia l 
which acts as a compressible i nsu la to r may be a 
problem, but connections to an LSI 
osc i l l a t o r / f r equency counter should be 
s t ra igh t fo rward . 

The sensor cons is ts of a var iab le capaci tor 
which con t ro l s the frequency of an o s c i l l a t o r . 
The output of the o s c i l l a t o r is connected to a 
simple 8 - b i t frequency counter which can be read 
by a computer, or fed i n t o a D/A converter . The 
va r iab le capaci tor cons is ts of two p a r a l l e l p la tes 
constructed from copper c lad glass-epoxy pr in ted 
c i r c u i t board stock. The two p la tes are separated 
by a 3/32" th ickness of p l a s t i c foam. One p la te 
is r i g i d l y a f f i x e d to the robot manipulator, and 
the other to a movable f i nge r t i p . Applying a 
fo rce to the f i nge r t i p compresses the foam which 
reduces the distance between the p lates increasing 
the capaci tance. 

The o s c i l l a t o r c i r c u i t is constructed from 
two TTL monostables and generates a t r a i n of f i x e d 
230 nanosecond pulses separated by 300 to 550 
nanoseconds, as determined by the var iab le 
capac i to r . A preloaded down counter is used to 
count the pulses dur ing a f i xed time per iod . 
There fo re , a higher pressure (lower frequency) 
w i l l r esu l t in a higher number in the counter. 

Sensor readings from 20 to 220, which 
correspond to from 3 to 90 ounces of f o r c e , may be 
read d i r e c t l y . However, e r ro r in the frequency 
counter causes successive readings to J i t t e r by 
p lus and minus 4 counts. By reducing t h i s j i t t e r 
w i t h a simple d i g i t a l f i l t e r , the range is 
extended downward to one ounce w i th a reso lu t i on 
of 0.2 ounces. Figure 1 shows a p lo t of force as 
a func t ion of touch sensor reading. Plot A was 
made a f t e r the touch sensor had been i d l e 
overn igh t . P lo t B was made a f t e r several minutes 
of use. The d i f fe rences between these p lo ts is 
due to fa t i gue in the p l a s t i c foam. Figure 2 
shows the same data as Figure 1 except that the 
log of the force is p l o t t e d . The r e l a t i o n s h i p 
between the touch sensor reading and the force 
appl ied is approximated by: 

x = 63 ( l n (F ) - 1 ) 
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The touch sensor is used in a software servo 
loop to con t ro l the c los ing force of the CSL robot 
manipulator hand. Using t h i s device, d e l i c a t e 
tasks such as handl ing eggs and squeezing and 
re leas ing a p l a s t i c b o t t l e wi thout dropping i t , 
are possible w i th very l i t t l e programming e f f o r t . 
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