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Today's synthesis
“da Vinci” Intuitive Surgical Inc.
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Medical CPS Technical Challenges:

« Imaging: Integrate pre-operative and intra-operative images
with robotics and human control

« Safety and Effectiveness: identifiable patient benefits, fail-
safe design, high-confidence computing, interoperability,

 Target specificity (destroy tumor and spare nerves)

 Interactions between manipulators and living biological
tissues. Tissue-aware grasping control.

« Definition and quantification of skill.






h Autonomous Robotics

Supervisory Control/
: (e.g. Cruise Control)

Continuum

¢ Virtual Fixtures
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o q: Manual Teleoperation
- (including Telepresence)

Fig. 1. Manual <-> autonomous control:
spectrum of potential levels of human

involvement in remote control.

A continuum from

Teleoperation

Autonomy

(Hager: HMCS)

Graphic: Paul Milgram, Shi Yin, Julius J. Grodski, An
Augmented Reality Based Teleoperation Interface for
Unstructured Environments, Proc. American Nuclear
Society (ANS) 7th Topical Meeting on Robotics and
Remote Systems, Augusta, Georgia, USA, April 27-
May 1, 1997. pp. 966-973.



SAW - Surgical Assistant Workstation

Ultrasound
Endoscopes
Microscopes

Intuitive Comm. Research Robot Interfaces Stereo 1
Interface (JHU, Other) TV : :
! ! ! R
| T T [ i
Intuitive APl | APl Emulator ; Optimization | .. . 1 Video
e ———————————————— b - ; Virtual : 'Sub
. | Subsystem !Subsystem
__________ O A Pawres
(‘
» Stereo processing » Haptics
Research » Tool tracking  Task modeling
Applications <+ Image registration « Skill Assessment
* Interactive visualization * Remote telesurgery
and SUbSyStemS » Ultrasound * Etc.
.

R. Taylor, G. Hager, et al., Johns Hopkins



Tissue Aware Control

Dynamics of tissue

- Nonlinear tissue parameters T Parameter
_ _ _ Estimation
» Different from organ to organ and patient to patient
« Damage Thresholds _
Lack of sensory information. Sensors are: T State
Estimation

* Noisy

* Often expensive

* Require additional wiring
« Small enough?

o Sterilizable?




Pullyboard testbed

Real-Time Controller
Unscented Kalman Filter
Model Reference Adaptive Control
Intelligent Teleoperation
R.O.S.

“Raven-II”

Jacob Rosen _Baskin
Engineering




Virtual Fixtures

e Near Term:
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Sensor Based Virtual Fixtures
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Virtual Fixtures

 Longer Term:

Raven Virtualization

work API
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Real-Time Linux PC
(RT_PREEMPT_CONFIG)




Raven-||

lI-New: A Network of Open Testbeds for Surgical
Robotics Research

CNS-0958441




Goal

* Set up a network of open research telerobots
for medical applications

» Build seven “Raven-II” systems

» Adapt software for easy collaborative
development.
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Electronics Stack

+48VDC
State 1/0
E-Stop

USB 2.0

Rear of Amplifiers

+48V Arm Arm
Safety Encoders  Motors

USB 2.0



Power/Safety

Repdy bor Test
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