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Project Topic and Goals:

A cochlear implant is a small electronic device that electrically stimulates the cochlear nerve
(nerve for hearing). The implant has external and internal parts. The external part sits behind
the ear. It picks up sounds with a microphone. It then processes the sound and transmits it to
the internal part of the implant. However, currently, there are no established methods for
guidance, monitoring, or feedback to the surgeon and the implant insertion process is entirely
dependent on surgeon dexterity. [2]. Studies show that overall 17.6% trauma rate which
implies that CI (Cochlear Implantation) insertion could be improved with more accurate and
consistent electrode insertion.[3]

With regards to robot-assisted surgery (RAS), studies show patient outcomes are associated,

in part, with the number of RAS procedures a surgeon performs translates a smooth operation
with [4]:

Decreased operation time

Fewer chances of hemorrhage

More flexibility in procedures

3-D and magnified image of the surgical site

Greater precision due to elimination of surgeon’s hand tremor

The goal of the project is to design a prototype for testing the force-sensing forceps that can
measure force, thereby enabling successful and safe insertion procedures which will
eventually reduce the trauma rates.

Also, the Hand control interface will change the gains of the Galen robotic arms which will
smoothen the operation of the robot helping surgeons operate the robot according to their
variability.

The goal of the semester is

1. To design and develop a fully working prototype and testing

2. Calibration and Testing of the new Force/Torque sensor

3. Experimental methods to create calibration procedures to validate the sensor data
concerning ground truth.

4. To design the grip and placement of the buttons (switches) based on ergonomic
feedback from the surgeon.

5. To interface the buttons with the controller externally to change the gain of the
controller.
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Figure 1. Cochlear implant with electrode array inside the cochlea [1]

Figure 2. Force Sensing forceps embedded with the sensor
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Figure 3. Galen Robot with attached tool
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Relevance/Importance:

The Force sensing forceps will control the minimal force required in the cochlear invasive
implant surgeries which will prevent damaging the ear, cochlea, eardrums, etc. by the
surgeons. The design will also make the cochlear implant process easier by “Gripping
electrode”.

Also, the Hand control of the robot will eliminate the foot padel which is hard to coordinate
(control) during the surgical procedures and easier to smoothen the operation of the robot
depending upon the application.

Technical Summary:

e The forceps are attached to a Force/Torque sensor “ WITTENSTEIN™ Hex21
6-Axis Force/Torque Sensor ” which collects data in real-time.

e Generated data is validated through many experimental methods such as calculating
spring constants of Jaws and the springs using the Force equation,

F = -k . x (displacement of the spring/jaws) in Newtons
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Figure 6.2: Coordinate axes definition of HEX 21 F/T sensor [5]
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Data collection

e The DAQ (Data Acquisition interface) used is “MEASUREMENT
COMPUTING™ USB-202” interfaced with switches used to change gains.

DAQ (Data Variables

Switches Acquisition
System)

ROS topic e
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USB-202]

Gain Change
Dependencies and Plan:
Dependencies Plan

Force/Torque sensor false readings Tool calibration

Sensor isolation Design 3-D casing to prevent it from generating
false data

Hand-calibration Mounting over the robot to filter hand tremors

DAQ interface ROS package Find ROS package else, change the DAQ to the
one having ROS package




Deliverables:

Minimum Improved design of the Forceps 1-March
Minimum Complete Integration of Prototype 8-March
Minimum Interface of the DAQ with controller 15-March

Sensor data collection and validation ~ 29-March
T-

More tests under different conditions TBD
Maximum Variables gain of the controller in real-time TBD
Maximum Report of calibration data and analysis TBD

Table 1. Deliverables

Management Plan

Weekly general LCSR lab meetings (on Wednesday at 10 am): Here, I will report weekly
progress.

Weekly meetings with Anna Goodridge (on Wednesday at 3 pm): I will find out how to
best progress based on the feedback received from the general lab meeting and consult with
Anna.

Meetings with Justin by schedule: If needed, I will schedule separate meetings with Justin
for his consult at least once a week and in-person discussion too.

Meetings with Dr. Deepa Galaiya by schedule: If needed, I will schedule separate
meetings with Dr. Galaiya for her consult, and to schedule calibration and testing.
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