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Differences in Human and Prosthetic Hand
Based on Tactile Feedback
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Abstract— In this paper we consider the use of tactile
sensors to propose a better prosthetic hand from the given
two types of artificial hands based upon the analysis of their
force profiles when they are used to activate a push
button of a mobile phone device. This experiment provides
results which would lead to a possible adaptation of the better
prosthetic hand. The results involve the stochastic analysis of
the force profiles obtained from the human hand and the two
prosthetic hands.

Index Terms— Dexterity, prosthetics, tactile sensors.

I. INTRODUCTION

Human dexterity is a vital thing: people are able to grasp
various objects, differentiate between objects, perform
complex tasks, and switch between various actions in
response to changing environments " This is possible
because of the physical structure of our hand (multiple
fingers with multiple degrees of freedom) and also because
of our sophisticated control system which is the brain. In
recent times a lot of research has been conducted to try and
create an artificial sense of touch for robots to bestow them
with some of the manipulation capabilities that humans
have ?. These manipulations require a control of forces and
motions at the area of contact between the fingers and the
environment which can only be accomplished by touch. The
artificial hands for sociable robotics and prosthetics are
expected to be touched by other people !, Because the skin
is the main interface during the contact, there arises a need
to duplicate humanlike characteristics for artificial skins for
safety and social acceptance ),

Tactile sensing can provide essential information about
properties such as compliance, friction, surface texture and
hardness ©°!. Tactile sensing is also essential for detecting
physical contacts and it can effectively assist humans in
object grasping and manipulation by providing information
about the contact configuration . Due to different shapes of
objects, different forces and pressure patterns are generated.
Object identification using tactile sensing has been shown to
be accurate and quick, mostly in recognition through
material properties ”. However, emphasis of the researchers
in this field has been mainly on analyzing the geometric
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characteristics due to their sufficiency for highly efficient
recognition tasks. Knowledge of these parameters becomes
crucial if robots are to reliably handle unknown objects in
an unstructured environment .

Currently prosthetic arms and hands which can be controlled
by electromyography are being developed. Eventually, these
advanced prosthetic devices will be expected to touch and be
touched by other people ). Although appearance wise the
prosthetic hands are similar to human hands, currently
available prosthetic hands have physical properties that are
far from the characteristics of human skins because they are
much stiffer ', Recent research in prosthetic hands aims at
developing innovative cybernetic systems to allow users to
feel an artificial hand as part of their bodies by providing the
tactile sensation of a natural hand "), Such prostheses must
be endowed with artificial proprioceptive and exteroceptive
sensory systems as well as appropriate neural interfaces able
to exchange sensory- motor signals between the body and
the nervous system of an amputee ',

Many works on the tactile sensing multi-fingered robot
hand have been reported. Howe et al. developed a dynamic
tactile sensor which detects slippage by means of the change
of stresses due to deformation of the contact with the object
(Howe & Cutkosky, 1993). Maeno et al. presented a tactile
sensor, called “artificial finger skin” based on PVDF
(Fusjimoto et al., 1999; Yamano et al., 2003). This sensor
capable of detecting the incipient slip was designed to
possess characteristics similar to that of the human finger
(5] Hosoda et al. reported a soft fingertip with two layers
made of different kinds of silicon rubbers (Hosoda et al.,
2003). Hirzinger et al. developed DLR-Hand II, which build
the actuators into the hand. Each finger of robot hand is
equipped with motors, 6-DOF fingertip force torque sensor
and integrated electronics (Butterfass et al., 2001; Gao et al.,
2003). Shimojo et al. utilized the pressure conductive
rubber as a pressure sensitive material (Shimojo et al.,
2004). They attached the sensor on a four finger robot
hand and demonstrated its grasping operations !'¥.

The developments of tactile sensors have focused on the
individual sensor components rather than on complete
systems for tactile sensing. This work demonstrates the
feasibility of a tactile sensory system to be used in the force
analysis for activating a tactile push button. The knowledge
of the dynamic behavior of the sensor was essential for the
correct acquisition and interpretation of the input signals. To
avoid cognitive overload it is important that amputees with
prosthetic devices are provided with sensory feedback
congruent with physiological signals. If detecting discrete
events — as would be possible with the proposed artificial
sensory system — is indeed crucial for the control of the
grasp and- lift task in humans as proposed in literature
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remains to be shown in future studies. Likewise, further
studies are required to explore the possibility to exploit
these sensors in the development of autonomous systems for
the control of manipulation ',

Despite the amount of research in this area, a robotic hand
which is similar to the human hand has not yet been
developed. More research is required to put the tactile
sensor into practical use, because there remain many
problems such as the limitations in the hardware and
algorithms for signal processing, the lack of the reliability,
accuracy, response speed, dynamic static characteristic,
economical efficiency (Nicholls & Lee, 1989; Lee &
Nicholls, 1995).

The sense of touch is the basis of all dexterous
manipulations. In this paper we focus on real time control
of precision manipulation by a multi fingered hand %,
The human sense of touch is the main source of insight
and inspiration for the development of robotic tactile
sensing. This experiment serves to play a part in the sensor
driven manipulation research area. It focuses on analysis
of the contact forces in action when a push button of a
mobile phone is activated by the index finger of the right
hand. This is extended to the study of contact forces
applied by a human hand and also two types of
prosthetic hands. The two prosthetic hands are artificially
developed using dragon skin !'”.

II. HUMAN TACTILE SENSING

A tactile sensor is a device which receives and responds to
a signal or stimulus having to do with force. The term
tactile refers to the somatosensory system or more
commonly the sense of touch "] Tactile sensors are
gaining more attention than ever before in the robot and
medical research field. In humans, tactile sensing is
indispensable for three different kinds of activities:
manipulation, exploration and response. There are two
types of contact sensing in human beings. One is
kinesthetic sensing and the other is cutaneous sensing '),
The most important distinction between these two
components of contact sensing in humans is that
kinesthetic sensing refers to perception of the limb motion
and forces with internal receptors, while cutaneous sensing
is the perception of contact information with receptors in
the skin. Although this experiment takes into account these
components, the main objective is to analyze the forces
applied on a surface by a human\prosthetic hand.

The durability of the sensor and sensor package is critical to
use in biomedical applications “*. For example
durability is vital in the field of medical rehabilitation, such
as prosthetic arm design. A finger-or hand-mounted sensor
is subjected to a wide range of forces, temperatures, and
chemicals. Humans can localize lumps in soft tissue
using  the distributed tactile feedback and processing
afforded by the fingers and brain . This task becomes
extremely difficult when the fingers are not in direct
contact with the tissue, such as in laparoscopic or robot-
assisted procedures.

In this work, we compare the performance of a capacitive
tactile sensor with that of the human finger. We evaluate the
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response of the sensor to the prosthetic finger and compare
it to that of human subjects performing an equivalent task
on the same surface. In this experiment the capacitive based
pressure sensor is used to detect the force used to press the
push-button of a mobile phone (Galaxy S1, Samsung,
Korea). Three types of hands were used in this experiment.
These were human hand, a stiff prosthetic hand and a soft
prosthetic hand. The sensor was placed in the right index
finger’s fingertip. Then each type of hand was used to exert
force on the push- button. The sensor then detects the
force exerted and displays the magnitude using the software
Chameleon TVR.

III. EXPERIMENTAL SETUP

In this experimental analysis we analyze the force
differences at the tip of the right index finger of the
human hand and the two prosthetic arms as described
in the earlier sections in activating a push button. The
development of a finger-mounted tactile sensor which
meets the requirements necessary for typical applications
poses a challenge ™. Many types of commercially
available sensors have been investigated for various
applications in tactile sensing. Recent technological
advances have provided small, thin sensors having promise
for use in directly measuring individual finger forces
during various normal activities 1**).

We try and identify which of the artificial hands behaves
more like the human hand. The development of a
finger-mounted tactile sensor which meets the
requirements necessary for typical applications has been
elusive % In this experiment we make use of a capacitive
stress sensor (FingerTPS II, Pressure Profile Systems Inc.,
CA, USA) to analyze the force applied on a push button.
The finger-mounted sensor is shown in Fig. 2.

Fig. 1 positioning of the FingerTPS II
sensor

Precise force data and video images were captured and
displayed in real-time via PPS’ Chameleon TVR software.
The device which is used in this experiment on which the
force sensing analysis is carried out is the push tactile button
of the mobile phone (Samsung Galaxy S1). Samsung
Galaxy Sl is a Bar phone weighing 118g. It's dimensions
are (122.4mm x 64.2mm x 9.9mm).The size of the push
button in the phone is (13.5mm x 10mm), which also
approximates the area of contact between the fingertip
and the button. We began by studying the human hands
force profile to actuate the push button of the mobile. Four
different subjects were considered, specifications of which
are detailed in the following section. This was followed by
a study of the force profile of a soft prosthetic hand after
which a stiff version of the prosthetic hand developed. Both
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the soft and the stiff prosthetic hand are made from dragon
skin material but the difference between the two is the that
the softer version of the hand does not have the bone
structure inside it whereas the stiff version is a mimic of the
actual hand and has a bone structure embedded with a stiffer
packaging which makes it hard **. The block diagram of
the overall structure of this experimental setup is as
shown in the following Fig. 2.

USER
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STRESS
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y

CHAMELEON
TVR

[ TACTILE PUSH ] v
RITTTON CREATE
DATABASE

SAVE
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AND EXPORT

Fig 2. Structure of Experiment

IV. METHOD OF TESTING

In this experiment, we only consider the force analysis
at the right index finger tip which is in contact with the
push button. A force sensor was attached to the PC
from the tip of the index finger. Four subjects were
selected to carry out this experiment. Approximately 40
to 45 samples were collected for each type of hand
(human, soft and stiff) in a sequence. So a total of around
160 to 180 samples were collected for each type of hand.
The FingerTPS stress sensor was wrapped around the right
index finger of the subjects. They were made to apply
force on the push button to activate it. The activation was
sensed by the activation of the AMOLED screen which
is off initially. A sequential order of the subjects was
decided to conduct the experiment. The order followed was
1,2,3,4,1, 2... The live data was recorded and saved.
The push button was activated approximately in a time
gap of 5.6 seconds. The time gap was due to the user
setting of the device used. The screen time out was set to
be 5 seconds which meant that an individual force profile
extended for approximately 250 to 275 seconds.

The sensor was then wrapped around the right index finger
of the soft prosthetic hand. The soft prosthetic hand was
held by the subjects approximately at an angle of 20
degrees to the horizontal over the push button. The push
button was activated by applying force over it through
the soft prosthetic hand by the subjects and about 40
samples were collected. The same time gap was observed
in this case due to the already mentioned reason. The data
for the soft prosthetic hand is stored in the same way. The
above mentioned procedure was repeated for the stiff hand
and the data.
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V. RESULTS

The raw data collected was imported and processed
using MATLAB. We used ANOVA in the statistical
analysis. The basis of the analysis of the data was on
finding the closer match of the human hand among the two
given artificial hand. For this type of analysis, stochastic
interpretation of the data was required ). The samples
were randomized for this purpose. The reason for
randomness is to convert unknown or unknowable
systematic differences (between experimental units or
force profile of subjects) into random quantities whose
behavior is controlled by the laws of probability **. The
time domain plots of the sample data were generated and
the force profile was observed. Besides the peak values of
the force, the time duration of the forces applied were
also observed. The data samples collected for the soft, stiff
and the human hand are shown below in Fig. 3, Fig. 4 and
Fig. 5 respectively.

H ‘ |

Fig 3. Force data for soft hand

1 L ! ! !
“m

Fig 4. Force data for stiff hand

il

=25

Fig 5. Force data for human hand
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0.3
The offset observed in the data samples is the calibration
value. For the analysis purpose, only the actual value of o7
the force is used. The maximum and minimum values are 06
calculated from the samples using a peak detector 0s
algorithm. This actual value is then obtained by the
calculating the difference of the maxima with the previous o4 .”Lfman“md
minima 7. The general structure of the peakdet() 03 Sl Hon
function is as follows: 0
[maxtab,mintab]=peakdet(x,delta,t)
Pertaining to this field of analysis the peakdet() function o
with a threshold value(delta) of 0.25 was found to be 0 Lo
suitable by the trial and error method and hence was made Mean variance

use of which yielded a sample result as shown in the Fig.
6. The maxtab and mintab variables returned the Fig 8. Human hand vs. stiff hand
maximum and minimum values shown by the red and

the green dots respectively in the Fig. 6.
g P Y g A one factor ANOVA served the purpose here as there was

only one factor (the force applied on the tactile push button)
to be considered %, The above graphs show the mean
forces applied to be able to activate the push button of the
mobile device. It can be clearly seen that the forces required
with a stiff prosthetic hand is much lesser. Based on the
results, it was observed that there was significant difference

I, ‘ 1 | ol ‘ among the group of data which was taken and the null

‘ ‘ |‘ H ‘ ‘ ‘ ‘ ‘ 1 - hypothesis could be rejected. The F value evaluated was
A

ISR IRRg)F PN LA AL -.'.l. \

greater than the F critical value and even the P value was

found to be much lesser than the alpha value (0.05). The

samples of the prosthetic hands (soft and stiff) showed

significant differences from the human hand data sample

which proves that they were picked up from different

samples. However, statistically it can be said that the stiff
Fig 6. peakdet() function output hand is the better one due to its higher F value °'.

This was followed by the analysis of variance on the data
to find the closeness of the prosthetic hands with the
human hand. Experiments were conducted to find a closer

250

200 -

match of the human hand based on their force profiles from

given prosthetic hands. The analysis of variance gave the 1o

following results: = Himan ve. soft
10 A Human vs_ Stift

&0
1
0.9
0 -
0s Fvalue
0n.r
oo Fig 9. F value comparison obtained from the ANOVA. Note that the F
05 ®umanland critical value was found to be 3.873283
04 sofl Hand
0.3
02 Another notable observation is that the minimum value of
04 force required to actuate the push button of the device for
0 | E— the human, soft and stiff hand is 2.8422N, 3.822N and
Mean variance 2.548N respectively. This shows that a value as low as
2.548N is enough to activate the button and hence the
Fig 7. human hand vs. soft hand AMOLED lit screen of the device. All the above results
favor the stiff hand over the softer one.
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VI. CONCLUSION

Adequate devices and low level signal processing
techniques have now been developed and we have a good
understanding of how touch can be used to provide
information about a variety of geometric and mechanical
properties of the environment ¥\, From the stochastic
analysis we observed that the stiff hand is a closer match to
the Human hand based upon the force profile analysis. It
was also observed that the force required to activate the
push button was less with the stiff hand. This would mean
that an actuator running the prosthetic hand would require
less power to drive it. Future work on automating the
experimental setup by the introduction of a robotic hand
controller to apply the forces on the device would result in
concrete results °!. However generalizing the fact that the
stiff hand will prove to be an appropriate substitute for the
human hand is not possible at this stage as various other
factors related to human dexterity like the sensation of
touch, degrees of freedom are yet to be considered.
Although based upon the analysis of the force acting on the
push button, it can be concluded that the stiff hand has a
better performance than that of the soft hand.
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