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Abstract— The teleoperation of complex, kinematically re-
dundant robots with loco-manipulation capabilities represents
a challenge for human operators, who have to learn how to
operate the many degrees of freedom of the robot to accomplish
a desired task. In this context, developing an easy-to-learn
and easy-to-use human-robot interface is paramount. Recent
works introduced a novel teleoperation concept, which relies
on a virtual physical interaction interface between the human
operator and the remote robot equivalent to a “Marionette”
control, but whose feedback was limited to only visual feedback
on the human side. In this paper, we propose extending the
“Marionette” interface by adding a wearable haptic interface
to cope with the limitations given by the previous works.
Leveraging the additional haptic feedback modality, the human
operator gains full sensorimotor control over the robot, and
the awareness about the robot’s response and interactions
with the environment is greatly improved. We evaluated the
proposed interface and the related teleoperation framework
with naive users, assessing the teleoperation performance and
the user experience with and without haptic feedback. The
conducted experiments consisted in a loco-manipulation mission
with the CENTAURO robot, a hybrid leg-wheel quadruped with
a humanoid dual-arm upper body.

I. INTRODUCTION

Highly redundant robots with complex kinematic struc-

tures (e.g., humanoids, leg-wheel platforms, multi-arm sys-

tems) are difficult to teleoperate. Many approaches have

been proposed to solve this challenge, including strategies

adopting shared control techniques [1], [2], or designing

human-robot interfaces that go beyond classical joysticks,

exploiting novel Body-Machine Interfaces (BoMI) [3]–[5],

and establishing a multi-modal feedback connection between

the two agents [6], [7]. However, a teleoperation interface

capable of accounting for multiple inputs from the user

and feeding back different kinds of stimuli might easily

compromise ergonomics and become impractical.

This paper addresses the trade-off between interface com-

plexity and usability by building a new wearable sensorimo-

tor interface that adds the haptic feedback channel and new

control inputs to the system proposed in a previous work by

the authors [5]. The adopted technology is lightweight and

unobtrusive, completing the TelePhysicalOperation (TPO)

framework, in which the robot is commanded through virtual
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Fig. 1: Concept: On the left, the blue rope, representing the

TelePhysicalOperation connection, is not under tension. The

robot stands still when the operator relaxes her arm. On the

right, as soon as the user draws her arm closer to her body,

the blue rope increases its tension, pulling the robot arm

that follows her movement, while she can perceive the force

feedback of pulling through our novel framework.

ropes attached to specific robot body parts that can be pushed

and pulled by the operator’s arm motion (Fig. 1). While

in the initial implementation of the system the user had

only limited visual feedback of the robot and its workspace,

in this work, we exploit cutaneous haptic cues to provide

the user with further information. In addition, we integrate

push buttons to allow the user to send additional control

inputs through the TPO framework. The resulting novel

haptics-enabled TPO human-robot interface allows the full

sensorimotor interaction [8] between the human and the

robot, providing also flexibility to be adapted to different

teleoperation scenarios.

The haptic interface consists of two rings and two arm-

bands, which can deliver vibration and skin indentation

stimuli. The rings are also endowed with two small push

buttons. The user wears a ring and an armband on each

upper limb. In the proposed implementation, skin indentation

stimuli are sent to the user to increase his/her awareness

of the control command delivered to the robot and of the

robot-environment interaction, whereas vibrations are used

as acknowledgments about the execution of the command

associated with a button. While the benefits of vibratory

acknowledgments and force feedback in teleoperation have

been shown in previous works [6], [9], here the haptic cues

are specifically tailored to the TPO system. In particular,

a new skin indentation feedback strategy that conveys the

sensation of pulling the virtual ropes has been designed.

Whenever a robot part is being controlled by the operator’s
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arm and is actually moving, the corresponding operator’s

forearm is squeezed proportionally to the entity of the control

action.

To summarize, the main contributions of this work are:

(i) The development of a haptic feedback strategy designed

for the “Marionette”-inspired TPO framework [5]; (ii) The

hardware development of an advanced sensorimotor interface

combining input (tracking cameras, buttons) and feedback

(haptic rings and armbands) devices and its integration in the

TPO system; (iii) The evaluation of the overall interface with

naive operators who teleoperated the CENTAURO robot [10],

a complex leg-wheel platform with a humanoid dual-arm

upper body, in a loco-manipulation mission.

II. RELATED WORKS

The growing complexity of robots and the effective ex-

ploitation of their enhanced capabilities can be tackled by the

development of novel intuitive human-robot interfaces. These

interfaces must minimize the operators’ learning curve and

augment their effectiveness during the task execution [11]. In

pursuit of this goal, researchers have focused on surpassing

the conventional interaction means, such as joysticks [12], by

developing innovative BoMI, to let the operator control the

robot with his/her own body [3]. Body gestures have been

tracked and mapped to specific robot commands with a range

of technologies, including Inertial Measurement Units [4],

motion capture [13], and Electromyography [14].

Together with the implementation of more intuitive control

interfaces, it is crucial to provide operators with a deeper

understanding of the events unfolding at the remote robot

location. Substantial efforts have been dedicated to devel-

oping devices that can transmit a heterogeneous range of

sensory information to the user, which is often essential to

work with high-Degrees Of Freedom (DOF) robots [15].

Indeed, the direct observation of the robot or the acquisition

of information through a monitor does not always guarantee

sufficient insights about the tasks or the robot state, neither

it provides an immersive experience to the operator [16].

Consequently, several works have coupled the remote robot

control with a sensory feedback channel that supplements the

visual domain, encompassing an array of stimuli like haptic

cues to leverage the human sense of touch [17], [18]. Various

types of tactile devices to control diverse robotic platforms

have been proposed, spanning from wheeled robots [19], to

underwater vehicles [20], drones [21], and humanoids [7],

[22], [23]. Wearable interfaces, in particular, allow delivering

a variety of cutaneous cues (e.g., skin stretch, vibration,

temperature) to different body parts, resulting in unobtrusive,

flexible devices capable of transmitting different kinds of in-

formation to the user [24]. For example, in [25], a vibrotactile

belt alerts the operator about the loss of balance of a bipedal

robot, whereas in [26], [27], vibrotactile patterns, delivered to

the user hand, aid the operator in guiding a robot avoiding

obstacles. Nevertheless, it is still a challenge to develop a

wearable haptic interface that allows the control of complex

robots while maintaining a simple BoMI. Indeed, some

solutions proposed in the literature offer extensive inputs

and feedback possibilities, but are cumbersome to wear [7],

[22], [23], [25]; other approaches limit the flexibility with

grounded haptic devices [6], [18], [27]–[29], or with an

external tracking system [13]; while unobtrusive wearable

interfaces are usually adopted to control robots with a lower

number of DOFs [4], [14], [26].

III. METHODOLOGY

The proposed teleoperation framework (Fig. 2) is based on

the TelePhysicalOperation (TPO) paradigm enhanced with

the newly presented haptic interface.

A. TelePhysicalOperation Control

In our previous work, we presented the TPO concept [5],

a novel teleoperation interface inspired by the “Marionette”

motion control principle. With this interface, the operator

pulls and pushes virtual ropes applying virtual forces on

selected robot body segments from a remote location. These

virtual forces are generated by the movements of the user’s

arms, tracked by tracking cameras worn on the wrists. Based

on the direction and magnitude of the virtual forces, the robot

generates corresponding motions, as if they were real forces

applied during a physical human-robot interaction. In this

way, it is possible to control the robot posture, maintaining

the intuitiveness of physical human-robot interaction, but

also remotely controlling the robot, avoiding potential safety

issues introduced by the physical interaction between the user

and the robot. The virtual ropes of the “Marionette” interface

can be attached to different robot body parts, such as the

arm(s) and the mobile platform body, allowing to control the

manipulation and mobility of a mobile manipulation robot.

Specifically, each user’s arm displacement generates a

virtual force f cp ∈ R
3×1, imposed on a selected robot

control point (cp). Given an N-joint manipulator, the joint

position reference vector qref (t) ∈ R
N×1 is computed by a

joint-level admittance control law as follows:

q̈ref (t) = M−1
(

K(qeq − q(t))−Dq̇ref (t− 1)+JTf cp

)

,

where M ,K,D ∈ R
N×N are the diagonal matrices of

the mass, stiffness, and damping parameters of the joint

mass-spring-damper model; q, qeq ∈ R
N×1 are the current

position of the joints and the equilibrium set point where

a stiffness greater than zero will drag the joints; q̈ref is

integrated twice to obtain the joint position reference qref .

Given a mobile base robot, the mobility ability is con-

trolled by generating a Cartesian velocity reference ẋref ∈

R
3×1 from the virtual force: ẋref = Kcart,cp f cp, where

Kcart,cp ∈ R
3×3 is a diagonal matrix of gains. Further

details about the TPO way of control can be found in [5].

On the right side of Fig. 2, from ẋref , a joint reference

for the robot lower limbs is computed through an inverse

kinematic process within the CartesI/O framework [30]. The

Robot control node exploits also XBot2 [31], in charge of

communicating with the robot.

For the experimental setup of this work with the CEN-

TAURO robot, K is set equal to zero. Additionally, the last

row of the Kcart,cp matrix has been set to zero to limit the

mobility ability of the robot along the z axis.
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Fig. 2: Scheme of the proposed haptics-enabled TelePhysicalOperation framework.

B. Wearable sensorimotor interface

The adopted wearable sensorimotor interface sends inputs

to the TPO system through tracking cameras and buttons and

gives haptic feedback to the user in the form of vibratory and

skin indentation stimuli. The user wears a tracking camera

on each wrist, an armband on each forearm, and a ring

on each index finger (Fig. 3). Cameras (Intel® RealSense

T265) are used to track the operator’s arms movement as

explained in Sec. III-A, while all other components are a

novelty of this work. Both the armbands and the ring can

deliver skin indentation stimuli through a fabric belt that

is folded and unfolded by a servomotor (both Hitech ser-

vomotors, models HS-5035HD and HS-53), and vibrations

produced by coin vibration motors (Precision Microdrives

Model No. 310-103.004, 10mm Vibration Motor). The rings

are also endowed with two push buttons each (Alpsalpine

SPEH110100). The control board is a custom-designed board

based on the Espressif ESP. We built it to ensure a stable

wireless connection and to physically connect all the com-

ponents needed to program the microcontroller, drive the

motors, read the buttons, and recharge the battery in a small

amount of space. The result is a lightweight interface: 114 g
for the camera and 104 g for the rest.

The working principle of the skin indentation devices is

based on [32], with some improvements. In particular, as

shown in Fig. 3, both the forearm and the ring haptic devices

use only one motor to drive the fabric belt: in the forearm this

has been implemented with opposing gears, while in the ring

with a winch mechanism. The structure has been designed

to be compact and adaptable to the physical characteristics

of different users. The forearm haptic interface is adjustable

with a Velcro fastener, and the ring has an interchangeable

elastic band.

The mapping between haptic stimuli and delivered in-

formation is summarized in Table I. When commanding

the robot with a particular arm, the user experiences a

squeezing (indentation) sensation on the forearm generated

by the worn armband proportionally to the magnitude of the

applied virtual force. In the previous works on TPO, the user

could not feel the resistance caused by the application of a

virtual force on the robot, which constituted a difference with
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Fig. 3: Sensorimotor interface: (a) forearm haptic interface,

(b) tracking camera, (c) PCB and battery, (d) ring haptic

interface, (e) servomotor, (f) vibromotor, (g) folding mecha-

nism, (h) buttons, (i) structural plastic parts, (l) elastic band.

respect to the application of an actual force during a physical

human-robot interaction. With this work, instead, the human-

robot connection is physically perceived by the user through

the haptic feedback, while still keeping the human in a

remote position. Skin indentation is also implemented in

the rings to deliver information on the robot interaction

with its surroundings. To account for both, prehensile and

non-prehensile manipulation actions, we envisaged a setup

in which the right arm of the robot was endowed with a

gripper (the DAGANA, a 1-DOF beak-like gripper) and the

left one with a passive ball-shaped end-effector. The user’s

right finger was squeezed based on the grasping force applied

by the gripper on a grasped object, while the left finger

was squeezed proportionally to the contact force between

the robot left end-effector and the environment.

Another improvement introduced in this work is the addi-

tion of input buttons embedded in the rings. In [5], the oper-

ator did not have the possibility of independently controlling
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TABLE I: Mapping of the haptic feedback

Squeeze Feedback Vibration Feedback

R. Forearm R. virtual force magnitude R. toggle activation ACK
R. Finger Gripper grasping force Toggle gripper ACK
L. Forearm L. virtual force magnitude L. toggle activation ACK
L. Finger L. EE external force magnitude Arm/base cp change ACK

certain functionalities, like activating and deactivating the

teleoperation, changing the control point (e.g., command the

robot base instead of the arm), or opening/closing the robot

gripper. The solution therein adopted was the inclusion of a

second operator who executed these additional commands

from a computer according to the first operator’s vocal

instructions. In the new system, thanks to push buttons, the

presence of the second operator is not necessary anymore.

Furthermore, exploiting the functionalities of the developed

haptic devices, two different vibration patterns on the fore-

arm and on the fingers are generated to acknowledge (ACK)

the operator about the correct execution of the functionality

associated with the pressed button. A single short vibration

signaled the engagement of the functionality; conversely, a

double short vibration signaled the disengagement of the

functionality. For example, referring to Table I, the “toggle

activation ACK” vibrates once when the user activates the

teleoperation, and vibrates twice when the user deactivates

the teleoperation.

It is worth noticing that the mapping between signals and

feedback stimuli generation and between additional inputs

and buttons has been chosen according to what was deemed

more intuitive considering the control paradigm and the

employment of the interface in a loco-manipulation mission.

For example, since the user commands the robot through

his/her arms with the virtual ropes attached to his/her wrists,

the feedback related to the virtual force is co-located near the

wrist, and delivered to the forearms. Instead, since humans

usually interact with the environment with their hands and

fingers, the stimuli related to the robot-environment inter-

action are delivered to the rings. Nevertheless, the software

architecture is flexible and different mapping choices can be

made, which is an evaluation that we plan for future works.

IV. EXPERIMENTS

The experimental setup is shown in Fig. 4, where the

operator controls the robot standing in front of a monitor.

The monitor, as shown in the bottom part of Fig. 4, shows the

CENTAURO head camera output and an RViz environment

with the robot twin and arrows representing the virtual forces

applied to the robot parts. Users can look at the monitor or

at the robot itself at any time, as they prefer. During the ex-

periments, users control the CENTAURO robot manipulation

(left/right arms and the right gripper) and wheeled mobility

abilities.

The mission involves a series of manipulation tasks placed

at different locations to be reached sequentially. In the

beginning, the robot is in front of a table where a bottle

must be picked up with the right gripper. Then, avoiding

Fig. 4: Setup: (top) experimental area, (bottom) operator’s

monitor with RViz showing virtual forces on the robot model

(left) and the robot camera view (right).

an obstacle, the robot must be guided to another location

to place the bottle inside a box. Lastly, the robot must be

moved close to an emergency button that must be pressed

with the left end-effector. We consider a single task failed if

the bottle falls off and if the robot hits an object (the obstacle,

the table, or one of the drawers supporting the box and the

button), but we let the rest of the mission continue (if the

bottle drops, we manually place it in the robot gripper to let

continue with the box task). The time of the mission starts as

soon the operator activates the teleoperation and ends when

the emergency button at the last location is pressed.

The user controls the robot generating virtual forces as

explained in Sec. III-A. We have limited the possible control

points to the right/left end-effectors and the robot base. The

right arm of the user is always connected to the robot right

end-effector, while the left arm of the user can switch be-

tween the robot left end-effector and the robot base. Besides

generating virtual forces, the user has 4 additional input

commands to activate/deactivate the control (one for each

arm), open/close the gripper, and switch the left arm control

point. The way these inputs are commanded depends on the

condition (A, B, C) used in the experimental comparison.

Condition A. The operator has no haptic feedback, nor

push buttons and necessitates a second operator to command

the 4 additional inputs described above. The second operator

gives vocal acknowledgments after s/he executes the re-

quested command (“Ok” word). This condition corresponds

to the method presented in our previous work [5].

Condition B. The operator can use the push buttons but

does not receive haptic feedback.

Condition C. The operator has the full wearable interface

available, including buttons and haptic feedback.

Table I and Table II summarize the mapping of tactile

feedback signals and of the 4 additional inputs, respectively.

The experiments involved 12 participants, 10 males, 2
females, with age ranging from 25 to 39, voluntarily par-

ticipating after having signed an informed consent. Each
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TABLE II: Mapping of the inputs for the 3 modalities

Vocal Input (A) Button Input (B, C)

Right virtual force activation “Right” Right button 1
Left virtual force activation “Left” Left button 1
Open/Close gripper “Gripper” Right button 2
Left EE/Base control point change “Change” Left button 2

TABLE III: Experimental results

Completion Time [s] Task NASA-TLX
All Last Two Trials Failures OW

A 168.5± 28.0 150.1± 28.1 2 42.0± 17.4

B 178.5± 2.1 172.5± 13.4 1 47.25± 19.1

C 182.6± 17.2 148.2± 6.0 1 43.02± 17.6

experiment lasted about 2 hours and consisted in a training

phase followed by a testing phase. The training phase lasted

around 40 minutes during which the experimenter taught the

participant how to control the robot and let the participant

try the mission in the 3 different conditions. Furthermore,

the device minimum and maximum squeezing force have

been set up according to the user sensibility and physical

characteristics, such as the forearm and finger circumfer-

ences. In the testing phase, each participant executed the

whole mission 6 times, 2 for each condition. The order of the

conditions has been permuted following a certain sequence

for each participant (e.g., ABC, ACB, BAC, etc.). Immediately

after the two trials for each condition, participants were asked

to fill in the NASA-TLX questionnaire referred to the tested

condition. At the end of all the 6 trials, participants assigned

the weights to the NASA-TLX factors, and compiled two

additional questionnaires. The first questionnaire was about

the wearable interface and was composed of 16 questions

formulated as 5-level Likert items with answers varying from

“Strongly disagree” to “Strongly agree”, similarly to [33].

The second questionnaire compared the three conditions one-

vs-one (i.e., AvsB, AvsC, BvsC) and was formulated as a 7-

point linear scale going from a certain condition to another,

similarly to [34]. While the statements in the first question-

naire were customized to the specific application presented

in this paper, the statements in the linear scale included the

whole System Usability Scale (SUS) [35] and two additional

questions taken from the Usefulness, Satisfaction, and Ease

of use (USE) questionnaire [36].

Highlights of the experiments are shown in

the video attached to this paper, also available at

https://youtu.be/QLU2ZrU0HjQ; we also provide the

raw videos of all the trials at https://youtu.be/VTiB6I fIWo.

V. RESULTS AND DISCUSSION

Obtained results about the completion time averaged

among all participants and about the number of total failures

are reported in Table III. While no statistical significance

was found among the completion time values in the different

conditions (using a one-way repeated measures ANOVA,

p > .05), we observed that considering all trials and all

users, independently of the condition, a clear trend emerges:
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Fig. 5: Times of each trial for all the participants, where the

conditions have been highlighted in different colors.
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Fig. 6: NASA-TLX Ratings.

the cumulative completion time improved from the first to the

last trial, as shown in Fig. 5. This is why in Table III also the

completion time employed in the last two trials is reported.

Here we can see that the condition C performs slightly better

than the other two, but still without statistical significance.

The occurred failures are only a few and happened while

grasping the bottle or in cases where the robot collided with

other objects in the scene.

The results for the single weighted categories of NASA-

TLX are plotted in Fig. 6 according to the guidelines in [37],

while the overall workload (OW) is shown in the last column

of Table III. There was no statistically significant difference

between the means of the ratings provided for the different

interfaces (one-way repeated measures ANOVA, p > .05).

The fact that all conditions show comparable results in terms

of workload indicates that adding an extra feedback channel

with respect to the visual one does not generate an additional

burden on the users.

The results of the two additional questionnaires are shown

in Fig. 7 and Fig. 8, respectively. In the first one, users

assessed the features of the single devices, forearm and ring,

and of the whole haptic interface. The results reflect positive

assessments of the haptic interface, with users commending

its effectiveness and the benefits of incorporating such haptic

stimuli in the interface. From the results of the second

questionnaire, a score has been extracted, resulting in the

plot of Fig. 8. Considering the 7-point linear scale going

from a certain condition to the other for each question of the

three one-vs-one comparisons, no score has been assigned

if the participant selected the middle point. For the positive
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Percentage of responses
0%25%50%75%100% 25% 50% 75% 100%

Strongly disagree Disagree Neutral Agree Strongly Agree

The vibrations produced by the fore-
arm interfaces were easy to interpret.

Wearing the forearm interfaces 
impedes some movements.

The pressure produced by the fore-
arm interfaces was easy to interpret

The pressure produced by the 
forearm interfaces is annoying

The vibrations produced by the fore-
arm interfaces were not annoying

The vibrations produced by the ring 
interfaces were easy to interpret.

Wearing the ring interfaces 
impedes some movements.

The pressure produced by the ring 
interfaces was easy to interpret

The pressure produced by the 
ring interfaces is annoying

The vibrations produced by the 
ring interfaces were not annoying

The wearable interfaces 
are cumbersome to wear

When haptic feedback is available 
i feel more in control of the task

When haptic feedback is available I am 
not aware of what the robot is doing

Buttons are easy to press

The role of buttons is unclear

Having an acknowlegment (vibration) con-
firming the activation of a button is useful

Fig. 7: Likert questionnaire about the haptic devices.

1. I think that I would like to use this system frequently

2. I found this system unnecessarily complex

3. I thought this system was easy to use

4. I think that I would need assistance to be able to use this system

5. I found the various functions in this system were well integrated

6. I thought there was too much inconsistency in this system

7. I would imagine that most people would learn to use 
this system very quickly

8. I found this system very cumbersome/awkward to use

9. I felt very confident using this system

10. I needed to learn a lot of things before I could get going with this system

11. I can recover from mistakes quickly and easily

12. I can use it successfully every time
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No Additional Interface (A)
Buttons Only (B)
Buttons and Haptics (C)

0

1

2

Fig. 8: Scores gathered from the second questionnaire. The

outer ring represents a score of 2 for each question. Questions

in red have been reversed to consider always a high score as

a positive rating for a condition.

questions (1, 3, 5, 7, 9, 11, 12) a score of +1, +2 or +3
is given to one of the conditions selected depending on the

point chosen. On the contrary, for the negative questions (2,

4, 6, 8, 10), the score of +1, +2 or +3 has been given to the

condition opposed to the selected point, to always consider a

spike in the spider plot as a positive rating. For each question,

the resulting score shown in the plot is the average among

all participants.

In general, we can notice the preferences for the condition

C against the two others, (questions 1, 9, 11, 12), considering

it only slightly more complicated (questions 2, 3, 7, 8),

hence feeling the necessity to spend more time to learn

it (questions 4, 10), but judging the haptic interface well

integrated (questions 5, 6). Interestingly, the condition with

only the buttons available (B) is not always preferred over

the condition without the additional interface (A). This is also

visible in the NASA-TLX overall workload of Table III. Also

according to users’ free answers, some of them preferred

the vocal commands of condition A since they did not have

to use their hands, nor to learn the buttons mapping. It is

important to notice that the vocal commands were directed

to a human operator who, in all cases, perfectly understood

the commands and rapidly reacted to them. In the same

situation, a speech recognition software might have been

less responsive and accurate. Moreover, the second operator

always gave an auditory feedback after the execution of a

command, which instead is not present in the condition B.

A vibration feedback after the pressing of a button is instead

present in the condition C, which indeed has been considered

very important to have by the participants. Anyway, the

conditions B and C have both the evident advantage of not

requiring the second operator to execute the additional inputs.

VI. CONCLUSIONS

In our previous work, we introduced the concept of

TelePhysicalOperation, a kind of teleoperation interface,

that combines the intuitiveness of a physical human-robot

interaction with the safety of controlling a robot remotely,

through virtual ropes attached to selected robot body parts,

like in a “Marionette” kind of interface, while receiving

only visual feedback from the robot. This work presented an

evolution of the TPO framework, which integrates additional

sensing and feedback functionalities by means of a wearable

haptic interface, composed of forearm and ring devices to

be worn on each arm of the user. We have developed haptic

devices to generate different kinds of feedback according

to the user’s inputs to the robot. By mapping the forearm

squeezing feedback on the virtual forces applied with the

TPO interface, the users have a direct sensation about the

virtual forces impressed on the robot, consisting of the “Mar-

ionette” metaphor. Squeezing forces on the index fingers,

instead, alert the user about external forces experienced by

the robot end-effectors. Additional input buttons have been

added to the ring device to expand the user’s possible inputs

to be given to the robot, avoiding the previously necessary

vocal interaction with a second operator.

Twelve participants have been involved in validating the

TPO way of control both with and without the proposed

haptic interface. The mission consisted in a series of tasks

where the manipulation and locomotion ability of the CEN-

TAURO robotic platform had to be exploited. Results show

a positive outcome for the devices integrated in the inter-

face. Furthermore, comparing the conditions without hap-

tic feedback versus the haptics-enabled TPO, results show

a general subjective preference for the latter, considering

only a slight increase in complexity to wear the enhanced

interface. In the future, we plan to conduct a more in-

depth study of the single feedback and its effect on such

kinds of teleoperation interfaces, as well as to validate and

compare other potential mapping configurations between the

sensorimotor input/feedback functionalities and the robot

actions and interactions.
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