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Manipulation Primitives
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Non-prehensileObject Transportation

ÁShared control to 

enforce friction 

constraints

ÁAutonomous 

orientation 

regulation

ÁHaptic guiding 

interface

ÁHuman subject 

study
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CompliantNon-prehensilePushing

ÁNon-prehensile 

pushing manipulation 

with compliant robot

ÁEnforcing passive 

behavior w.r.t. external 

physical interaction

ÁOptimization-based 

pushing controller

ÁEnergy tank-based 

velocity set-point 

modulation 
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ÁAnalogy between non-prehensile manipulation and legged robots

ÁDuality between a multi-fingered grasp and multi-legged stance

Á In quasi-static walking imagine the biped instantaneously manipulating the Earth

Á In quasi-static manipulation imagine two fingers manipulating a sphere

From Dynamic Manipulation to Legged Robotics
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ÁConnection between manipulation path and locomotion path

ÁTwo-link walker is similar to the corresponding non-prehensile object manipulation

ÁStability conditions in the support phase of a flat-feet biped robot have a similar structure of dynamic grasp 

conditions in the carrying phase of a juggling system

Connection
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ÁGaits robustified by compensating for disturbances acting at both centre of mass and legs

ÁMomentum- and acceleration-based observers are combined to use only measured sensory data

ÁBoth swing and stance legs disturbances are considered

Disturbance Rejection
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Á (Non-prehensile) manipulation skills merged while walking

ÁComprehensive whole-body controller for both walking and manipulation

Non-prehensile Legged Transportation
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ÁVariableimpedanceparameters

ÁL1: constant mass, low value (close to 

minimum value within stability region)    

ÁL2: constant mass, high value

ÁL3: constant T=ɚ/D, set as minimum 

value within stability region for any 

damping

ÁL4: minimum (variable) T within stability 

region for anydamping D

VariableImpedanceControl
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ÁDifferential mapping 

Ábetween Motor Synergies Subspace 

and Cartesian Space

ÁSynergies Jacobian

Motor and MechanicalSynergies

ÁThe concept

ÁTendon couplings and muscle activation 

patterns lead to movement coordination

ÁA mathematical framework

ÁMapping from human hand fingertip 

positions to robotic hand joint positions 

ÁPCA
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feedforward term for hand pre-shaping

the configuration selected within the data-set used for

synergies computation on the basis of the similarities related to 

the object shape and size, and to the grasp type,

namely power, precision or lateral grasp

local adaptation 

realized in a synergy-based 

framework exploiting force 

and position feedback

current regulation

to avoid high contact forces

grasp optimization

synergy-based quality index 

relying on force closure property

Control in the Synergies Subspace 
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Rewardfunction

Synegy-basedpolicy searchmethod

Initialpolicy parameters

ExplorationïExploitationtrade-off

ReinforcementLearning
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DepalletizingCell
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Aerial Manipulation with High Payload

ÁOmnidirectional 

base (tilted 

octocopter)

Á7-DoF industrial 

robot arm

ÁModular end-

effector

ÁHigh payload 

capacity
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6ϲInternational Conference on Robotics , Computer Vision and Intelligent Systems                                     Marbella ω 4 March 2026

Aerial Manipulation for Assembly

ÁFully autonomous 

assembly system

ÁX8 drone base

Á6-DoF active 

robot arm

Á1-DoF gripper

ÁVisual servoing 

algorithm for 

grasping and 

deploying
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UT Inspection of Concrete Structures

ÁTilting quadcopter 

with 1-DoF

ÁAutonomous 

approach to the 

surface

ÁDirect 

force/torque 

control
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IM of High-voltage Power Grids

ÁX8 drone base

ÁLightweight arm 

with elasticity 

compensation

ÁPerching on 

energized power 

lines

Á Install, remove or 

repair all kinds of 

devices
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Aerial Manipulation for NDT

Áx8 drone base

Á5-DoF lightweight 

robot arm

ÁMiniaturized 6-

DoF force/torque 

sensor in the wrist

ÁModular NDT tool

ÁUT

ÁEMAT

ÁEddy Current

ÁActive interaction 

force control
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Aerial NDT on Pipes

ÁH6 drone base

ÁHybrid drone 

endowed with a 

mobile base and 

a robotic arm 

ÁCircular end-

effector

ÁModular NDT tool

ÁUT/EMAT

ÁEddy Current

ÁAutonomous 

landing
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Aerial Deep-Water Analysis

Á Hexacopter drone 

Á Buoyancy capability

Á Aerial multispectral 

monitoring and 

measurement in 

deep water of 

biological and 

polluting 

parameters

Á Recovering base 

station for 

autonomous 24H 

remote operation

Aerial Manipulation 26/55
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ÁShared-control telerobotic systems are those in which a human operator 

trades the control of the remote robot with an autonomous controller for 

achieving a common goal

ÁThe aim of the autonomous controller is to reduce the operatorôs physical and 

mental workload when controlling a complex robotic system for a long time 

period.

Á In this context, haptic guidance methods can be beneficial to inform the 

operator about constraints acting on the teleoperation system

ÁHaptic shared control = shared control + haptic guidance

Haptic Shared Control
HapticSharedControl       28/34
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ÁDual-arm semi-autonomous system

ÁVision-based control and collision 

avoidance

ÁHaptic guidance to avoid constraints 

     (joint limits, collision, singularities)

ÁHuman subject evaluation

Remote Maintenance 
HapticSharedControl       29/34
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ÁRedundant semi-autonomous remote system

ÁTask-prioritized shared control teleoperation 

(autonomous + human tasks)

ÁHaptic guidance interface informing about 

constraints 

ÁPassivity-based control

HapticSharedControl       30/34

Remote Maintenance2
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ÁHuman-in-the-loop virtual fixtures (VFs) 

generation/adaptation

ÁVariable impedance haptic guidance

ÁPassivity-based control

Robotic Surgery
HapticSharedControl       31/34
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Á Interactive suturing stitch planner

ÁComparison among

ÁFull teleoperation

ÁSupervised control

ÁShared control using virtual fixtures

ÁShared control using orientation mapping

HapticSharedControl       32/34

Robotic Surgery2
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Theranostics Robotic Colonoscopy




