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: Overview of Goals
Mini Check—Pofnt Presentation
Position Control of BIGSS Lab Snake for » The BIGSS lab is developing a minimally-invasive surgical workstation to treat the

osteolytic lesions using a snake like dexterous manipulator (SDM).

Revision Total Hip Arthroplasty (THA) Surgery

Surgical Overview ““"— » The SDM will be positioned in the workspace by a robotic arm.

» The focus of this project is integrating the SDM with the robotic arm- which is a 6 DOF
Universal Robot (UR5) - and position control of thetip of the SDM inside the lesion area.

Project 6: Farshid Alambeigi

Mentors:
Dr. Mehran Armand, Ryan Murphy, Dr. Russell Taylor Figures are property of BIGSS Lab.
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Dependencies Deliverables status from last checkpoint and its update
v Mechanical design: © Minimum

» Deriving and implementing the kinematic equations of URS5: ©
» 3D model of the SDM and electronic boards

> Mechine shop anel 3D prifver for febricating the interfepe parts © ‘Nnterfaci ng the SDM with UR5 (Mechanical design and fabrication):® |:>©

¥ Robots: > Coupled inverse control of robots outside the body: ©
: Expected
> URSrobot andits stand » Controlling the position of the coupled robots using virtual RCM when all of the SDM is
> SDM robot: | can usethe BIGSS lab 2-D soM. © in the body (Simul ation and ):© +
Added Deliverable
v Kinematic model of soM: © ~>Submitti ng paper in |EEE Conference of Engineering in Medicine and Biology Society
(EMBS 14) ©
» | will use the available model of Ryan Murphy. Maximum

v Access to Mentors: @

» Weekly meeting with Dr. Armand and Ryan Murphy

»  Scheduled meeting with Dr. Taylor as needed
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Management Plan

Submitting paper in IEEE EMBS Conference- April 07

< Detailed Task Schedule

0-Fah | 16-Feb | 23-Feb | 2-Mar | 9-Mar | 16-Mar | 23-Mar | 30-Mar | &-Ape | 13-Apr | 20-Apr | 27-Apr

Preparing o 3-D model of the URS

Deriving the Kinematics model of URS @

Simulation of the model in Simmechanics-Matlab 7] @Pl

[Obtaining CAD madels of Snake @

[Obtaining Kinemutic model of Snake and working with it

Literature survey for virtual fixture @

ela|e|®
@|a|l@

Mechanical interface of snake to RS

[Ordering required parts and aciuators @

Fabrication of first coupled robot

Shinlation of the inverse kinematics of the coupled robots [©]

Waorking with and setting up the URS robot @
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Controlling the coupled robats (Minimum Deliverable)
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Simulution of virtual fixture (RCM point is not on the snake)
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[Submiiting paper in TEEE ENES Conference (Added Deliverabley @k
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Final report Presentation Ri

34" Annual International Conference of the
IEEE Engineering in Medicine and Biology Society

“Discovering Insovasing. ond Enginresing Future Biomedicine™

Control of the Coupled Motion of a 6 DoF Robotic Arm and a
Continuum Manipulator for the Treatment of Pelvis Osteolysis
Farshid Alambeigi', Ryan J. Murphy'*, Ehsan Basafa', Russell H. Taylor', IEEE Fellow, and Mehran

Armand"?

Abstraci— The paper addresses the coupled motion of a 6
degrees of freedom  robot and a smake-like desterous
manipulator (SPM) designed for the treaty g
behind the imol
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Bl INTRODUCTION

We have developed a Snake-like Dexterous Manipulator
(SDM) for medical applications with a focus on orthopaedic
surgery [ 1, 2]. One motivating application is the reatment of  Fie
osteolysis  (bone degradation) behind the well-fixed “
acetabular component of a total hip arthroplastv (THA), The

M i workspace wsing a rabotic arm and its
through the screw hole of the acetabular
ant [1].
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Technical Summary of Approach

Mechanical Design

Part1:
Mechanical Design

The main purpose is to interface the SDM with UR5. This task involves:
1. Preparing CAD models of URS5, Actuation Unit, and Electronic Boards

2. Mechanical interface of the SDM to the UR5 considering:
* URS has a5kg load limit
« Not changing existing actuation unit
« Considering work space of the URS
« Considering a place for electronic boards of actuation unit
« Considering enough space for wiring between boards
and motors

3. Fabrication of mechanical parts

4. Ordering required mechanical parts (Screws, nuts, Expansion fits)

5. Assembly
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Mechanical Design

Mechanical Design

1. Preparing CAD models of URS5, Actuation Unit, and Electronic Boards:

Y A

2 Design steps:

First Design

Designed Parts:

Considered space
for passing the
wires

Final Design

Using SDM holes Electronic boards base
for attaching
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Mechanical Design Mechanical Design
3. Fabrication of mechanical parts: 5 A bly: :
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Management Plan

« Ongoing works:
»  Preparing required connectors and wiring between boards and motors
»  Controlling UR5 using Matlab and TCP/IP protocol
»  Implementing simulated algorithms

» Preparing Final report
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