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Project background

Minimally invasive surgery (MIS) requires Remote Center of Motion (RCM)
Not everyone has access to special MIS surgical systems

»  daVinci
Feasibility of robot manipulators (e.g. UR5) applied for MIS task?
Dynamic simulator AMBF

daVinci instrument driver

Virtual RCM




Obijectives

1.  Implement virtual RCM for MIS in AMBF simulator

2. Evaluate it (collision during bimanual tasks, accuracy, joint limitations)

Importance:

e The project would help to evaluate capabilities and constraints of manipulator arms applied in
(bimanual) MIS tasks
e Would open the door for MIS related simulations using manipulator arms



Progress and Technical approach

DONE:

» UR5 imported to AMBF

» Forward and Inverse
Kinematics implemented
using KDL library



https://docs.google.com/file/d/1AXn8SiUtmPLMj83I_J26dBhuMt2q7NRa/preview
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KDL - Kinematics and Dynamics Library, an application independent framework, useful for computations
on kinematic chains
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Next steps

1. Study constrained non-linear optimization To achieve the virtual RCM point, we use a constrained

(Chapter 5 of Scientific computing : an optimization formulation based on [11]. In particular, we
optimize the following cost function:

| Jn(a)Aq — G| 2)

introductory survey by Michael T. Heath)

2.  Implement vRCM using
subject to the constraint:
sawConstrainedController package

' _ . |[Pet + Jer(q)Aq — Pol| < € 3)
3.  Evaluate implemented virtual RCM using recorded
Here, P,; is a point on the robot tool that is closest to the

positions of instruments while performing bi-manual virtual RCM point, P,. J;,(q) and J(q) are the manipulator
MIS task Jacobians resolved at the handle and at P,;, respectively, and
g is the vector of joint positions (see Fig. 5). The output of
this optimization is the desired joint velocity vector, Ag,
which becomes the input to an inner velocity control loop.

B. Mitchell et al., "Development and Application of a New Steady-Hand
Manipulator for Retinal Surgery"
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3) PROBLEM: Copied .yaml and .STL files to ambf, added it to launch file, but it throws error that it

1. Software architecture (code
. cannot locate .STL files, though similarly psm robot loads w/o problems.
u p | Oad ed to g Ith u b) SOLVED With the help of Adnan the problem. It was in empty stl files for collisions. | did conversion

from urdf to yaml again.

2 . RC M I I I I p | el I le ntatl O n 4) Changed colors using diffuse tag in yaml file. Changed mass of base_inertia_link to 0.0 from 4.0

ba Ckg ro u n d jSO)";FtrSyltzgpt;)Sicncg:]tr:(l)jﬁ|r|c1)t|sn:xos(|jneg‘ [l::;i);:l:;:;control_object.py script. But if i set wrist2 and wrist3
3. Literature review (VRCM papers
and nonlinear constraints

O pti m izati O n ) Changes to blender ambf addon:

1) There is a typo in ambf_addon.py (blender) on line 766: “pi" — “math.pi"

2) Line 2839 commented and typed True because of the error with types




Problems

e Solving problem with importing robot to AMBF
e Learning as | am doing, depending on ROS learning
e Management problems emerging from that



Deliverables

min: UR5+dVrk instrument kinematics models and RCM plugins for AMBF (most of the work)
expected: Evaluation report using recorded bag data on UR5

max: Demonstration on real UR5 with mock instrument driver attached (high probability of being
cancelled/shifted beyond the class timing)



Milestones+Schedule (updated)

we are here

- changes

Weeks 3-5

Week 6

Week 7

Week 8

Week 9

Week10

Week11

Week12

Week13

Week14

Setup

AMBEF Installation

Study AMBF wiki

URS5 model

UR5 CAD model import

Forward & inverse Kinematics

UR5 control+RCM

study sawConstraintsControl
pkg

integration of URS5 control
driver with AMBF

RCM implementation

Evaluation

Testing stage

Evaluation stage

Evaluation report

Demo on real UR5
(might be dropped)




Dependencies (updated)

1. Linux workstation ( )
2. Recorded Cartesian motion of two da Vinci instruments working on a bimanual task,
such as the suturing task in the AccelNet Surgical Robotics Challenge. (

)
3. Robot and daVinci instruments (provided by prof.Kazanzides)
4. 3D printer might be needed for maximum deliverable ( ). Resolving plan:

tape the driver on the manipulator tightly



Project management

1 Progress tracking Zoom meetings with mentors (every2-weeks every week, Thursday)

e Peter Kazanzides (RCM)

e Adnan Munawar (AMBF+implementation)

] Questions over e-mail when necessary before meetings

1 Implementation management via Github



Thank you!



