INSTITUTE Universita
OF MECHANICAL

o

Finanziato Al Ministero | e Mercatorum

dall'Unione europea W~ dell’Universita

Italiadomani

ﬁ; AT

NextGenerationEU %% e della Ricerca

Sy SR
LEIFETE | i\

3D Virtual Activation Volume for Automated Grasping in
Teleoperated Robotic Manipulation

Antonio Di Tecco', Daniele Leonardis’, Antonio Frisoli', Andrea Begni?, Claudio Loconsole®

1: Institute of Mechanical Intelligence, Department of Excellence in Robotics and Al, Sant’Anna School of Advanced
Studies; 2: Next Generation Robotics, Pisa; 3: Faculty of Technological and Innovation Sciences, Universitas Mercatorum

Problem

Depth estimation during teleoperation makes grasping slow and error-prone, z
Increasing the operator's mental load and fatigue

Key Idea: 3D Virtual Activation Volume (VaV)

An adaptive 3D VaV, centered on the object, acts as a dynamic
constraint: when the end-effector enters the sphere, automatic grasp
assistance is activated along the depth axis, maintaining lateral/vertical

freedom (see Fig. 1). Selected radius (r): 150 mm x y
Fig. 1

Experimental Setup
URS5 teleoperation + modified CORA hand, Leap Motion for hand tracking, Intel RealSense
D455 for segmentation/affordance (MobileNetV3 + segmentation head) and bounding box

(YOLO11x). Cartesian velocity control; Simulink 100 Hz. Object: 70 mm x 250 mm bottle at
the center of the bench (see Fig. 2)

Protocol

30 pick-and-places with/without VaV

Metrics: execution time (movement initiation > object
release) and success rate (stable grasp and lift =2 50 mm),
with Paired t-test (p < 0.005)

Key Findings
Time: 3.97 s (NoVaV) and 3.01 s (VaV) (-24%)

Success: 70.3% (NoVaV) and 96.7% (VaV)

Fig. 2 Result: faster and more reliable grasp, with less cognitive
load (see Fig. 3)

u
St '
1

Contributions = T *p<0.005 ~ 100} " p < 0.005

1. Introduced a simple-to-implement 3D ' - s ol =
volumetric constraint that activates :° = 2 80l
only when needed E I ﬂg 70| =

2. Evaluation with dual metrics (timeand 'y v S v
accuracy), often treated separately in Condition Condition
the literature () Fig. 3 (b)

Acknowledgment. This project has been funded also under the National Recovery and Resilience Plan (NRRP), Mission 4 Component 2 Investment 1.1-Call for tender No. 1409
published on September 14, 2022, by the Italian Ministry of University and Research (MUR), funded by the European Union—NextGenerationEU-Project Title “LEARN - muLtimodal
Edge computing-bAsed weaRable exoskeletoNs for assistance in daily life”-CUP J53D23014090001, D53D23016190001-Grant Assignment Decree No. 1383 adopted on
September 1, 2023 by the Italian MUR. It has been additionally funded under the NRRP, Mission 4 Component 2 Investment 1.1-Call for tender No. 104 published on February 2,
2022, by the Italian MUR, funded by the European Union-NextGenerationEU-Project Title "AVATAR: Enhanced Al-enabled Avatar Robot for Remote Telepresence"-CUP
J53D23000860006, D53D23001490008-Grant Assignment Decree No. 960 adopted on June 30, 2023 by the Italian MUR.

Links Contacts

www.ditecco.it/contacts antonio.ditecco@santannapisa.it
www.santannapisa.it/en/institute/mechanical-intelligence daniele.leonardis@santannapisa.it

claudio.loconsole@unimercatorum.it

|

Fai' ||

j
[



	Diapositiva 1

