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Abstract: A novel endoscopic grasper is being fabricated and tested. This grasper can be used in
detecting lumps or tumors in biological tissues. The detailed fabrication process of the tactile sensor
has been discussed. Custom-made sensors were integrated with the jaws of the endoscopic grasper and
objects with known tactile features were tested by the designed grasper. Different experiments were
performed with the system in order to determine both the position and the size of the lumps or
inclusions located in the soft elastomeric media. The average discrepancy between the experimental
and theoretical simulations was found to be less than 15%.
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INTRODUCTION

Minimally access surgery, also known as
minimally invasive surgery (MIS), is becoming very
popular in new surgical procedures. These techniques
have been developed to decrease the traumatic effects
of various types of surgeries !> In this kind of
operative procedure and unlike open surgeries, the
surgeons cannot use their hands directly in
manipulating the operation site. In other words, they do
not have their hands inside the patient’s body [°°!. This
means that various medical manipulations are not being
performed in the operation sites. Therefore, the
surgeons would have to use long slender instruments
outside the operative zone and transmit the
manipulations, such as grasping, cutting or other
maneuvers to the sites by the hand tools '), Here, the
surgical instruments pass through tiny holes pierced in
the patient’s skin. Although MIS has a considerable
number of advantages, such as, less tissue damage, less
postoperative pain, faster recovery period, fewer
postoperative complications, and reduced hospital stay,
it also suffers from several disadvantages !''"'*. These
disadvantages include: loss of tactile sensing feedback,
the need for increased technical expertise, a possibly
longer duration of the surgery, and difficult removal of

bulky organs. The loss of tactile sensing feedback
translates to the fact that the surgeons would not be able
to feel the tissues. For instance, if there are any lumps
or abnormal tissues in the background tissue, there is a
possibility that the operators might easily miss them.
At the same time, the risk of accidental cutting of the
surrounding veins or arteries that are embedded in the
tissues can lead to serious complications. Due to these
problems, the loss of tactile sensing has proven to be a
serious issue and has been the target of extensive
research [,

A tactile sensor with standing piezoresistive
cantilevers embedded in an elastic material is being
proposed 1%, The sensor detects the shear stress applied
on its surface. Each standing piezoresistive cantilever in
the elastic material detects a certain axial component of
applied shear stress. By arranging this standing
piezoresistive cantilever in orthogonal directions, the
directions and the magnitudes of applied shear stress is
detected. The concept of an inexpensive PVDF
pyroelectric radiation sensor of large aperture is being
described and the design details of the pyroelectric
sensor based on the PVDF polymer are being given "),
A micro-mechanical sensing platform is being
described with which the various elastic properties of
the ovum can be characterized using uniaxial
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measurements ). Novel textiles are being developed
using conducting polymer coatings which are deposited
on a foam substrate ¥, The foam they used is a soft,
porous conductive solid made by chemically oxidizing
pyrrole in the presence of a polyurethane foam. The
resulting structure is sensitive to pressure exerted from
all three dimensions making it attractive for use as
wearable sensors for medical applications.

In order to improve the manipulation ability of
endoscope, a new tactile sensor system using image
processing has been developed . As this system uses
an infrared (IR) cut pattern, it is possible to install the
sensor in the tip of an existing endoscope easily. In a
research work, using a modified commercial
endoscopic tool, the magnitude of the applied force was
measured by strain gauges, and then the position of the
grasper was determined with an optical detector .
They obtained force-displacement data and identified
objects with five different elastic properties. A report
has been published on compliance of a hard rubber
embedded in a block of foam using remote palpation
(261 Additionally, an endoscopic and robotic
micromachined sensor has been designed and fabricated
using PVDF film 7. Design, fabrication, and
theoretical studies of a micromachined piezoelectric
tactile sensor for an endoscopic grasper have been
discussed ™. The sensor exhibited high force
sensitivity, high dynamic range, good linearity, and
high signal to noise ratio. In another work, a force-
moment sensor has been placed into the distal shaft of a
laparoscopic forceps as well as a tactile sensor array
between the jaws of the forceps **). The piezoresistive
sensor array used was a foil sensor with 64 measuring
points. Various attempts have been made to tackle the
problem of reducing the number of sensors using PVDF
films 50321,

The development of an active haptic sensor for
monitoring skin conditions has been discussed **!. The
base of the tactile sensor is an aluminum cylinder,
around which a polyurethane rubber, a PVDF film, a
protective surface layer of an acetate film and lace are
stacked in sequence. Their experimental results show
that the sensor system works well as a haptic sensor for
monitoring skin conditions. A research has been
published that discusses the preliminary tests and basic
design  parameters for single tactels using
electrorheological fluids “*. The final aim was to
produce a prototype three-dimensional tactile display
comprising electrically switchable micro-machined
cells whose mechanical moduli are governed by phase
changes experienced by electrorheological fluids. A
micro-tactile sensor has been developed to measure
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elasticity together with the instant of contact 1**!, Using
finite element modeling, they found a frequency where
longitudinal and rotational vibration modes exist and
used these results to signal touch detection.

Following the above-mentioned progress and our
previous studies %), the need for the design of a smart
surgical tool that can display the map of the tissue
interior is of great importance. This research work
focuses on the construction of a novel type of
endoscopic grasper, which can be used to convert the
sense of touch into images readily recognizable by the
surgeon. Using the proposed system, the surgeons can
detect the presence or absence of unusual lumps (such
as tumor) by simply grasping the suspicious organ by a
smart endoscopic grasper. Simultaneously, the surgeon
can have an estimate of both the size and position of the
tumors or lumps by looking at the custom-designed
gray scale display.

MATERIALS AND METHODS

Fabrication of sensor: This part describes the
microfabrication processes used to fabricate the
piezoelectric tactile sensor. The assembly of the sensor
is also discussed. The tactile sensor consists of a
silicon substrate with a PVDF film (Good Fellow
Company, USA) sandwiched between the silicon
substrate and the rigid and soft cylinders (see Fig. 1).

Inner compliant cylinder
Outer compliant cylinder

Smm

1mm

Rigid substrate \ /
PVDF film

Fig. 1: Schematic representation of the sensor unit.

The geometrical size of the sensor was selected
from the preliminary design calculations performed.
Two designs, one with a single sensor and the other one
with four sensors were realized. Both designs had a
silicon substrate as the base. Silicon substrate, PVDF,
Plexiglas and liquid silicone rubber were the materials
involved in the fabrication of the sensor. The
microfabrication process sequences of the sensor are
described below.
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Step 1 was the micromolding of the outer
cylinders. The material used for micromolding of the
outer cylinders of the tactile sensor was liquid silicone
rubber (SYLGARD 184) which was purchased from
Dow corning Inc. The desired shape was a hollow
cylinder. To start with, we had to create a mold cavity
of the required shape and size of 6 mm outer diameter,
4 mm inner diameter and Imm depth. This cavity, in
the shape of hollow cylinder, was achieved by very
high precision machining. Once the cavity was created,
the LSR which comes as a combination of base
(octamethylcyclotetrasiloxane) and curing agent
(dimethyl methylhydrogen siloxane) was mixed
thoroughly in a beaker in a ratio of 10:1. During mixing
of the base and curing agent, a lot of bubbles were
created. To remove these bubbles, the base-curing agent
mixture was de-aerated with the help of a vacuum
pump. This process was repeated until all the bubbles
were completely removed. Following this, the base
curing agent mixture was carefully poured into the
mold cavity. A few drops of Teflon were sprayed
around the mold cavity for easy removal of the cured
rubbers. Then, the mold cavity along with the LSR
mixture was cured in an oven at a temperature of 150°C
for 15 min. The general curing temperature and time for
Sylgard 184 LSR are presented in Table 1.

Table 1: Curing time-temperature chart for Sylgard 184
Curing Temperature Curing Time

Room temperature 48 hours
100°C 45 minutes
125°C 20 minutes
150°C 10 minutes

Once the curing process was over, the ring shaped
liquid silicone rubber structures were released from the
cavity. Thus, the final shape was realized which was of
the order of 1 mm height as shown in Fig. 2.
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Fig. 2: Photograph of the fabricated mold cavity.

Step 2 was the construction of the inner rigid
cylinders. These structures were made of Plexiglas,
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which were machined to the required diameter of 3 mm
and 1 mm height by high precision machining. Step 3
was the patterning of PVDF films to obtain the required
cylindrical shape. UV light was directed through a
mask to selectively expose photosensitive materials.
We used a photolithography process in this step. The
photolithography was conducted in a room illuminated
yellow in color to reduce the adverse effects of light on
the photosensitive resist material. Photoresist (PR) was
applied on a wafer by spin coating. The coated wafer
was then dried in an oven, exposed to UV light and then
developed using a developer. The purpose of the
photoresist was to protect chosen regions of the wafer
for subsequent fabrication steps. A schematic depicting
of this process is shown in Fig. 3.

(A%

Substrate Resist application Exposure
with PVDF
| 0 QA |
Patterned PYDF Positive Resist
Fig.3: Schematic representation of the

photolithography process.

The photolithography process employed for our
sensor fabrication included: surface preparation, coating
(spin casting), pre-bake (soft bake), alignment,
exposure, development, post-bake (hard bake), and
stripping of PR. Some of these processes are discussed
below.

In surface preparation process, the PVDF film was
glued onto a silicon wafer using the photoresist (PR). A
bare silicon wafer was first cleaned and photoresist was
spin coated on it. The photoresist here acts as glue for
the PVDF on the silicon wafer. Subsequently, the
PVDF film of the required size was cut and placed over
the surface spin with photoresist. It was pressed so that
the PVDF film gets glued to the substrate. Then, the
substrate along with the PVDF was soft baked for 30
sec at 75°C on a hot plate. Following this, the PVDF
was successfully glued to the silicon substrate.

In the spin coating process, the silicon wafer along
with the PVDF film was held on a spinner chuck by
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vacuum and photoresist was coated to uniform
thickness by spin coating. Seven to eight drops of
photoresist was dropped onto the PVDF film and the
chuck was spun at a speed of 500 rpm for 15 sec and
then at 3000 rpm for 30 seconds. By this method of
spinning, we ensured that the photoresist was coated
uniformly over the PVDF film. The resist thickness was
set primarily by resist viscosity and by spinner
rotational speed. Figure 4 shows the photograph of the
spin coater setup.

Bpin Coater
chuck

Fig. 4: Photograph of the spin coater set-up.

The next process was the soft bake. After the PR
was spun on the PVDF film, we soft baked it in an
oven. This process was done to evaporate the coating
solvent and to densify the resist after spin coating.
Typical thermal cycles were 50°C for 40 min in an oven
and 75°C to 85°C for 45 sec on a hot plate. Once the
sample was soft baked, the next procedure was to
expose it to UV light through the predefined light field
mask. Figure 5 shows the photolithography set-up used
to pattern PVDF.

Hot plate
Stirrer

Fig. 5: Photolithography set-up.

Incorporation of the fabricated sensors: The single
sensor used for study cannot serve the purpose of the

endoscope grasper mounting. Endoscopic graspers
require a number of small micromachined tactile
sensors mounted in the form of array. In practical
applications, these sensors could be in number of 4 to 6
in a regular pattern of array. Even though, there could
be different arrangements for assembling the sensor on
the endoscope. Figure 6 shows the detailed drawing of
the endoscopic grasper with 8 sensors, 4 on each jaw.
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Fig. 6: Endoscope grasper mounting with the sensors
and its detailed drawings. Dimensions are in

mim.

As represented in the figure, we have a common
substrate for all four sensors and they are integrated
with the grasper jaw with the help of a dovetail fix that
will slide into the grasper teeth. The object is grasped
by both jaws with the sensors and the output from the
eight sensors is fed to the in-house data acquisition
system which is calibrated to visualize the softness of
the different objects being grasped. After the objects are
being tested by the sensors, the dovetail fix can be
conveniently removed from the grasper teeth. Figure 7
presents a photograph of the designed assembly.
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Fig. 7: Photograph of the
integrated with 8 sensors.

endoscopic  grasper

RESULTS AND DISCUSSION

Various elastomeric-based objects with different
tactile properties were grasped with the device and the
experimental outputs were displayed using a gray
coding method. For the sake of comparison, the
softness of wvarious elastomeric materials was
experimentally measured using a standard durometer
(ASTM D2240, type A and B). A number of
experiments were conducted to determine the position
and the size of the hard objects or lumps embedded
within the soft elastomeric media. Following this, the
position and size of the inclusion was determined and
shown graphically. In Fig. 8, the grasper is touching an
elastomeric object (with softness of 43 Shore). Here,
only the two right hand sensors are engaged. The
softness display shows the object in gray scale. Both the
upper and lower sensor shows the same softness. This
means that the grasped object has the same softness
throughout its thickness, as expected.

Fig. 8: a) Photograph of the endoscopic grasper
touching an elastomeric object (with softness of 43
Shore). b) The softness display shows the object in
gray scale.

The main target of the designed system was to
detect the lumps within a medium. A number of runs
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were conducted to determine the position and the size
of the hard objects embedded within the soft
elastomeric media. The hard objects were steel balls of
various sizes. Using the designed system, the position
and size of the inclusion was successfully determined
and shown graphically. Figure 9 depicts the grasping of
a soft medium in which steel balls are embedded.

Fig. 9: A view of the grasper touching the elastomeric
material with inclusions.

We showed that it is possible to localize lumps in
two directions, along the jaw as well as along their
depth. In this case, the object was sandwiched between
two similar jaws and sensor arrays. The longitudinal
location of the lumps can be found by comparing the
outputs of each sensor array. The depth of the lumps
can be determined by comparing the outputs of a
sensing element in the lower jaw with its corresponding
sensing element in the upper jaw, e.g., 2L & 2U, which
L and U stand for upper and lower jaws, respectively.
The voltage amplitudes of each pair of sensing elements
were proportional to the distances of the lump to those
elements. For instance, for a particular case in which
the lump was located exactly in the middle distance, the
output voltages of both sensing elements of a pair were
equal. To clarify the algorithm used for this study, we
can consider the case illustrated in Fig. 10.

u 3u 4y
%
a

) i
< b

12 3, 4
Fig. 10: Graphical rendering of the characterized lump
in two dimensions.
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This figure demonstrates a lump grasped by the
grasper for which the location of the lump is aligned
with the sensing elements 2U and 2L. The distance of
the lump to the upper and lower sensing elements are
shown as a and b, respectively. The graphical
representation is shown in the same figure. As can be
seen, the lump is located somewhere between the
sensors 2L and 2U. Figure 10b shows the magnitude of
the output signal from each sensor converted into
intensity. For example, in Fig. 10c, the lump was
placed directly over sensor 2L. As a result, the output
intensity of sensor 2L was higher than the other three
sensors. However, this graph and with only two rows
cannot demonstrate valuable information about the
depth of the lump. To show the depth of the lump, the
number of the graphical layers was increased to 100 by
inserting 98 additional layers between the two original
rows. It is assumed that the distances a and b are
proportional to the number of layers located between
the lump and the upper and lower surfaces,
respectively. In other word, the sum of a and b is
assumed to be equal to 100. The combination of these
100 layers and 4 sensing elements can been considered
as a 100x4 matrix. Here, the intensity of each element
in the matrix can be found by the procedure that
follows. When an object is grasped, the output voltages
of each sensor pair are read and compared together. In a
special case, where the lump was placed at the same
distance from the upper and lower surfaces, the equal
output voltages from both sensing elements were
anticipated. Thus, the intensity of the middle graphical
layer, i.e., layer number 50, was set to the value
VL+VU, in which VL and VU were the output voltages
of the lower and upper sensing elements in each sensing
pair, respectively. If the recorded voltages of a sensing
pair were not equal, then the location of the lump could
be found from the relationship: a=(a+b) xVU/VL+VU)
=100xVU/(VL+VU). The distance of the lump from the
lower surface, i.e., b, can simply be calculated knowing
b=100-a. In this way, the location of the lump was
determined. In order to find the size of the lump, we
assigned the value (VU+VL) to the central graphical
element. Then, the values of the upper and lower
elements were set to U and VL. The enclosed elements
were found using linear interpolation between these
three known elements. To create a smooth transition
between the columns, another interpolation between the
adjacent columns was conducted by introducing
arbitrary number of graphical columns. Figure 10a
shows the lump position and its approximate size using
this algorithm. The sample results of other tests of the
lump detection and the corresponding experimental
outputs are shown in Fig. 11.
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Fig. 11: Schematics of the lumps embedded within the
elastomeric material. Grasping of the medium
leads to the right-hand-side outputs.

Here, the schematics of the lumps embedded
within the elastomeric material are shown on the left
view. When the material is grasped by the grasper, the
output is displayed which is shown on the right view.

CONCLUSION

The aim of this study was to develop an
endoscopic grasper equipped with custom-designed
micromachined tactile sensor targeted at detecting
embedded objects. The microfabrication of a sensor
capable of detecting the softness of a tissue was
discussed in detail. Various processes involved in the
construction of the final version of the sensor were also
presented. The constructed sensors were incorporated
into an endoscopic grasper and were subsequently used
in the next stage of the study for detecting the
embedded objects in a soft medium. A number of tests
were conducted in order to investigate the performance
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of the system. A gray scale coding technique was
employed so that we could determine the size and
location of the embedded lump. Our system has
immediate medical application since the usual method
of detecting the existence of a tumor in a biological
tissue is to grasp the whole organ with a grasper or
hand. Objects with known tactile properties were
grasped with the device and the experimental outputs
were compared with the known values. The average
difference between the experimental data on softness
and those obtained using the durometer was about 15%.

Due to the importance of pulse detection in
biomedical engineering applications, work is currently
underway in our lab to use the same system in pulse
detection processes. The applications of the designed
system are in detecting beating arteries in surgeries with
minimal interventions.
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