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Problem
Telerobotics overview

Figure: Overview of a telerobotic system

◮ a master side: human operator + master interface

◮ a slave side: slave teleoperator + environment

◮ a communication channel: bandwidth, time delay
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Problem
Force feedback

Figure: A tipical bilateral teleoperator

In the past decades. . .

◮ improve transparency: fidelity of force feedback

◮ guarantee stability: time delay, disturbances

◮ best architecture: position-force, force-force etc.
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Problem
Control architectures

◮ Direct control: the user is controlling the motion of the robot directly

◮ Supervisory control: user’s commands and feedback occur at a very
high level and the robot requires substantial intelligence or autonomy

◮ Shared control: between the two extrema

Figure: Different telerobotics control architectures
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Problem
Shared control in robotic surgery

Robots are more precise but not yet intelligent/robust enough for
complete autonomy

Different levels of assistance

◮ Tremor filtering

◮ Motion compensation

◮ Virtual fixtures

◮ Shared autonomy

Figure: An example of shared control in
telerobotic surgery
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Problem
Shared control in robotic surgery

Open points:

(1) How to systematically split control tasks into teleoperative and
autonomous control?

(2) How to adapt to different environmental condition and update the
control modality?

(3) How to assign and determine the role of the human-in-the-loop?

(4) What is the best form of human interface (or haptic feedback)
shared-control telerobotics and how to complement the interface with
other modality (e.g., visual feedback)?
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Research activities
Idea & methodology

Gestures classification allows the development of task dependent control
Haptic guidance can be provided through virtual fixtures
Autonomy reduces user cognitive workload
Sensory feedback allows augmentation of user awareness
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Research activities
Developments

Gestures classification

Figure: Suturing segmentation

Figure: Suturing Hidden Markov Model
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Figure: GMM clustering
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Figure: GMM+HMM gesture decoding

[1] M. Selvaggio, G. A. Fontanelli, F. Ficuciello and B. Siciliano, “Force-based Task
Classification of Robotic Surgical Re-Constructive Procedures”, CRAS 2017.
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Research activities
Developments

Haptic guidance: virtual fixtures adaptation

Figure: Forbidden regions (a) and
guidance (b) virtual fixture
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Figure: Virtual fixture adaptation
Figure: Surgical tasks

[1] M. Selvaggio, G. A. Fontanelli, F. Ficuciello, L. Villani and B. Siciliano, “A
Passive Guidance Virtual Fixtures Adaptation Strategy”, in preparation.
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Research activities
Developments

Shared autonomy with haptic guidance

Figure: Experimental setup
Figure: Shared control exploiting
sensory feedback

◮ Autonomous orientation control towards target object

◮ Haptic feedback about collisions, joint limits and singularities

[1] M.Selvaggio, F. Abi-Farraj, B. Siciliano, C. Pacchierotti, and P. Robuffo Gior-
dano, “Constraints avoiding and shared control architecture for dual arm teleoper-
ation”, in preparation.
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Research activities
Side activities

Surgical tool for in-hand rolling

Figure: Human hand inspiration

Figure: Prototype testing

Figure: CAD design
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Figure: Modeling working principles

[1] G. A. Fontanelli, M. Selvaggio, L. R. Buonocore, F. Ficuciello, L. Villani, and B.
Siciliano, “A New Laparoscopic Tool with In-Hand Rolling Capabilities for Needle
Reorientation”, accepted RAL 2018.
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Research activities
Side activities

MUSHA hand

Figure: Multifunction smart hand for
MIRS

Figure: Simulation

Figure: Prototype testing

[1] M. Selvaggio, G. A. Fontanelli, U. Bracale, L. Villani, B. Siciliano, and F.
Ficuciello “The MUSHA underactuated hand for robot-aided minimally invasive
surgery”, in preparation.
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Proceedings of 2016 IEEE/RSJ International Conference on Intelligent Robots and
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Published
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of Robotic Surgical Reconstructive Procedures using Force Measurements.” CRAS 2017 -
7th Joint Workshop on New Technologies for Computer/Robot Assisted Surgery,
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2. G. A. Fontanelli, M. Selvaggio, L. R. Buonocore, F. Ficuciello, L. Villani and B. Siciliano.
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Re-Orientation.” IEEE Robotics and Automation Letters, Accepted.
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Products
Publications

In preparation (titles are provisional)
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“Constraints avoiding and shared control architecture for dual arm teleoperation”, in
preparation.

2. M.Selvaggio, G. A. Fontanelli, F. Ficuciello, L. Villani and B. Siciliano, “A Passive
Guidance Virtual Fixtures Adaptation Strategy”, in preparation.
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MUSHA underactuated hand for robot-aided minimally invasive surgery”, in preparation.
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Modules 20 5 10 4 19 10 0 0 19 30-70

Seminars 10 0.8 10 0.4 0.4 12 10 0 0 12 10-30

Research 30 5 5 5 5 5 5 30 40 0 0 30 80-140

60 10 5.8 15 5 15 9.4 61 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 61 180

Credits year 1 Credits year 2 Credits year 3

Modules and seminars
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