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ABSTRACT 

Future advanced artificial hands will require the automatic holding of objects using 
feedback control. To achieve this aim will require sensors of various types, one of which 
should be capable of detecting the relative movement between the surface of a grasped object 
and the hand (slip). A low-cost sensor, using thick-film technology, has been developed 
which detects slip using the piezoelectric effect. Experimental evaluation of the sensor has 
been carried out using a test apparatus whereby a block of aluminium representing an object 
slides past the sensor. Attached to the object surface is a Perspex sheet with repeating groves 
cut into the surface. Two different separations of the groves have been tested. The results 
show that the slip sensor detects the relative velocity between a moving object and the sensor 
surface. The sensor has a frequency response into the kilohertz which makes it an excellent 
candidate for a slip sensor. The sensor is able to detect slip with and without a cosmetic 
material covering the sensor. Computer simulations of the mechanical modes of vibration 
have shown that the frequency of the lowest fundamental mode is much higher than the 
electronic signal output from the sensor. 
 
INTRODUCTION 

An obvious way of measuring slip is to have a disc mounted in a hand which is in contact 
with the object so that when slip occurs, the disc rotates and a digital encoder produces a 
signal. Such a direct contact system has been used in robotics but is unsuitable in prosthetics 
as there is a cosmesis protecting the hand, requiring an indirect method to be found. By its 
very nature, a piezoelectric sensor will make an estimate of the object slip and not output a 
highly accurate measure. The slip signal is then either sent to an electronic controller or fed 
back to the wearer of a prosthesis. 
 
FINGERTIP 

Fingertip shapes were cut from 2mm stainless steel plate (type 430) to form a prototype 
(figure 1) [1-4]. Figure 1(a) shows a drawing of the finger tip consisting of three thick- 
 

 
(a) 

 
(b) 

Figure 1  (a) Drawing of the finger tip sensor  using a stainless steel type 430 substrate  
(b) Photograph showing the back of the sensor with cosmesis covering  
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film sensors to measure slip, force and temperature. Towards the right of centre in the 
drawing is the circular piezoelectric PZT slip sensor. On the left of centre are two force 
sensitive resistors and arranged around the slip sensor is a temperature sensitive resistor. The 
top section of an Otto Bock Sensor Hand™ speed cosmetic glove was cut to the shape of the 
sensor and adhered to the back of the fingertip (the side without the sensors printed on) with 
an epoxy resin (figure 1(b)).  This section of glove was selected as it is approximately 1mm 
thick with a uniform surface texture. 
 
 EXPERIMENTAL PROCEDURE 

A sliding block mechanism was used to test the sensor. It consists of an aluminium block 
moving horizontally along a right-angled base plate (figure 2). The finger tip can be seen in 
the middle of the diagram where it is passed by a grating attached to the block. The distance 
moved by the block was measured using a digital rotary encoder. To accelerate the block, 
weights were hung from a cable moving over a pulley at the end of the base. 
 

 
  
Figure 2 Diagram of the experimental apparatus 
 

A 310mm long Perspex block attachment with two sets of grooves cut 0.1mm wide and 
0.19mm deep was bolted onto the sliding block. One set of grooves, covering 109mm of the 
block, were spaced a distance of 1mm apart. The second set of grooves, covering the last 
109mm of the block, were spaced at 0.5mm apart. To replicate slip, weights were added to the 
end of the wire cable in 50g increments until stiction was overcome and the block began to 
slide. Eight slip signals from each grating were recorded using a DAQ card and a purpose 
written Labview™ program. The data was subsequently analysed to estimate distance 
travelled by the sliding block in the first 200ms from the sensor signal and compared with the 
actual distance from the encoder. The average acceleration of the block was calculated and the 
frequency content of the slip signal determined using the power spectrum FFT function in 
Labview™. 
 
RESULTS 

Figure 3 shows a typical recording of a slip waveform. To estimate the slip distance from 
this signal it was rectified and compared to a constant threshold value. Every time the signal 
increased in value and crossed the threshold a count of one was recorded. On decreasing 
below the threshold a further count of one was recorded. These counts were accumulated and 
compared to the distance measured by the digital encoder (figure 4). There is a good linear 
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relationship between the counts and encoder data. This result is evidence that the sensor is 
estimating slip velocity. 
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 Figure 3 A typical signal from the slip sensor 
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Figure 4 Estimated distance (cumulative PZT threshold crossings) against actual distance 

moved by the sliding block determined from the digital encoder.  
 

Figure 5 shows the power spectrum of two trials with the two gratings where there is a 
similar range of frequencies. There was a wide variation in the peaks from trial to trial. There 
are components at slightly higher frequencies for the small grating (300 Hz) compared to the 
large grating (250Hz). 

Figure 6 illustrates three modes of vibration for the prototype fingertip simulated using 
Autodesk Inventor 10™. The colour scale indicates the stress distribution caused by the 
fingertips vibration but does not take into account the stress caused by the deformation of the 
fingertip. The results from the simulations show that the lowest fundamental frequency would 
come from the mode shown in the left of the figure, predicting a frequency of 2kHz. This 
frequency is higher than the frequencies observed in the signals produced from all of the trials 
using both gratings. This result would suggest that the fingertip is not being excited into a 
fundamental mode of vibration by the grating. 
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Figure 5 Frequency response of the small grating (left) and large grating (right) 
 
 
 

 
    
 Figure 6  A simulation of the fundamental frequency modes of vibration with different 

constraints 
 
CONCLUSIONS 

A slip sensor made from PZT has the necessary bandwidth to estimate the distance 
slipped by an object when processed into a digital signal. The device operates when a piece of 
silicone glove, 1mm thick separates the sensor surface from an object. The frequencies of the 
mechanical resonance modes of vibration for the sensor are above the frequency response 
required for slip detection. 
 
ACKNOWLEDGEMENT 

The authors wish to thank the Engineering and Physical Sciences Research Council 
(EPSRC) of Great Britain for their financial support under grant number GR/R95470. Thanks 
are also due to the Royal Academy of Engineering for the award of a travel grant. 

 
REFERENCES 
1. Cotton DPJ “Thick-film piezoelectric slip sensors for a prosthetic hand”, PhD thesis, 

University of Southampton, 2008 
2. Cotton DPJ, Cranny A, White NM, Chappell PH, Beeby SP, “A novel thick-film 

piezoelectric slip sensor for a prosthetic hand”. IEEE Sens: Spec Iss Intel Sens, 2007, 
7(5), 752-761 

3. Cotton DPJ, Cranny A, White NM, Chappell PH, Beeby SP  “Control strategies for a 
multiple degree of freedom prosthetic hand”. Meast + Conl J Inst Meas Conl, 2007, 
40, 24-27 

4. Cranny A, Cotton DPJ, Chappell PH, Beeby SP, White NM, “Thick-film force, slip and 
temperature sensors for a prosthetic hand”. Meas Sci Tech, 2005, 16, 931-941 
 

 

From “MEC '08 Measuring Success in Upper Limb Prosthetics,” Proceedings of the 2008 MyoElectric Controls/Powered Prosthetics 
Symposium, held in Fredericton, New Brunswick, Canada, August 13–15, 2008.

Distributed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States License by 
UNB and the Institute of Biomedical Engineering, through a partnership with Duke University and the Open Prosthetics Project.




