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Abstract— In this paper we address variable admittance con-
trol for human-robot physical interaction in manual guidance
applications. In the proposed solution, the parameters of the
admittance filter can change not only as a function of the
current state of motion (i.e. whether the human guiding the
robot ia accelerating or decelerating) but also with reference
to a predefined goal position. The human is in fact gently
guided towards the goal along some curved paths, where the
damping is conveniently scaled in order to accommodate the
motion towards the goal position. The algorithm also allows the
human to reach goals that he/she cannot directly see because
for example the transported object is bulky and obstructs the
worker view. The performance of the proposed controller are
evaluated by means of point to point cooperative motions with
multiple volunteers using an ABB IRB140 robot.

I. INTRODUCTION

Robots have been used in industry and studied in research
since many years. The majority of the considered cases are
related to situations where the robot repeats cyclically the
same operations, with high speed and precision. Moreover,
for safety reasons, the robots are segregated into cells inside
which the human is not allowed to enter, unless all the robots
are stopped. In the last decade, collaborative robotics has
raised a lot of interest, since it allows to combine the best
capabilities of the robots with those of the human. Speed
and quality of the industrial processes and the health of
the worker can be improved, reducing his/her fatigue and
alienation. This scenario brings new challenges and safety
issues because human and robot work together in the same
space without a physical barrier that guarantees the operator
safety. Even though collaborative robotics brings an increase
of complexity, it is of great value because in many situations
it is desirable to mix the force, speed, accuracy typical of a
robot with the human intelligence and manual skills.

Hand-guiding of robots is another collaborative operation
allowed by safety standards. A typical application is the
handling of large and heavy loads that human cannot lift
up by himself1. A robot compensates for the gravitational
and inertial load of the transported object while a human
simply guides the robot end-effector to the right place (one
of the predefined goals). In these applications, a force-torque
sensor can be mounted on the robot end-effector in order to
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measure the applied operator force and estimate his intention
of motion. To make the robot compliant with the force
applied by the human, an admittance control is typically
implemented on the machine. This technique simply converts
the human force into a speed or position reference for the
robot end-effector that is then managed by the low level
position and velocity axis control of the robot. The afore-
mentioned conversion is realized by the so called admittance
filter that enforces a mass-spring-damper dynamics when a
human applies a force at the end-effector. In human-guidance
applications, the stiffness term is usually not needed because
a desired equilibrium position is not set: therefore only the
mass and damping parameters are of interest.

Linear, fixed-gain admittance filters, however, entail a
trade-off in the achievable performance: indeed, small pa-
rameters help in fast motions with low precision and low
human-effort, while large ones allow precise motion but
slow movements and high operator fatigue. Obviously, it
is desirable that the control law exhibits the appropriate
behaviour depending on the working condition. For this rea-
son, several researchers have proposed different algorithms
under the name of variable impedance/admittance control
in which they try to estimate the human will of motion
and change the parameters accordingly. The underlying idea
consists in reducing both the mass and the damping in case
of acceleration, decreasing damping in case of cruise speed
and reducing mass while increasing damping in case of
deceleration. Ikeura et al. [1] presented a very simple variable
admittance control consisting in two different invariable
admittance controls, one for low velocity and the other one
for medium and high speed. In [2], the authors assume
to model the human arm as a pure damper and then they
fit the parameters of the model by means of a recursive
least square procedure. The estimated relation is used as an
admittance control for the robot. [3] divided the operation
in four subsequent situations by means of some thresholds.
Inside each working section, they applied specific dynamic
parameters between the minimum, maximum and nominal
values in order to have continuous transitions. In [4], the
authors focused on low velocity situations and approximate
the human impedance just to a spring. Then, they online
estimate the stiffness of the human arm and impose that
the damping of the robot for slow motion is proportional
to it. Duchaine et al. [5] proposed a law that varies the
damping proportionally to the derivative of the force applied
by the human, projected along the speed of the end-effector.
In [6] the human will to accelerate or decelerate was first
estimated by comparing the acceleration and speed signs.
The damping parameter was varied proportionally to the

2020 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS)
October 25-29, 2020, Las Vegas, NV, USA (Virtual)

978-1-7281-6211-9/20/$31.00 ©2020 IEEE 9759



acceleration module. The mass parameter was changed in
order to keep constant the bandwidth of the admittance filter
which is more intuitive for the operator. The topic of variable
admittance control has been also faced by some more recent
work by means of machine learning techniques [7], [8]. The
objective was to find the best set of parameters for a specific
person in order to realise a predefined linear path. In [9], the
authors use a multilayer feed-forward neural network that
established the damping value in response to a certain end-
effector velocity and to a human force.

All these and other works [10], [11], [12], [13], [14], [15],
[16] are focused on varying the admittance parameters ac-
cording to the intensity of the human force and velocity and
their relative directions in order to understand if the human
wants to accelerate, travel at constant speed or decelerate.

The variation of the parameters according to the direction
of the force is instead unexplored. This latter dependency
could be obviously very useful if the human wants to, or has
to, reach a precise known goal position. As a matter of fact,
with the existing solutions the problem of directing towards
a specific goal has always been in charge to the human. This
can be a challenging task if the transported object has a big
inertia and/or has big size that blocks the view of the target
position to the human.

In this paper, we introduce a new physical interpretation
of the admittance filter that extends the classical one. This
allows to realize variable admittance filters that not only
permit to overcome the classical trade-off of the invariable
admittance filter as done in many ways in literature but it
also ensures to actively assist the human in directing towards
a goal position also along non linear paths (up to now the
majority of the proposed algorithms look at linear paths).

The rest of the paper is organized as follows. Section
II introduces a new extended physical interpretation of the
admittance filter and in particular of the dependency of its
parameters also on the human force direction and on the
relative position of the end-effector with respect to the goal.
In Section III, a variable admittance control that actively
helps the human in redirecting towards the predefined goal
is presented, based on the new interpretation. Then, some
improvements and extensions of the proposed strategy are
described. In Section IV, different kinds of experiments are
conducted in order to verify the goodness of the presented
approach. In the end, some conclusions are drawn.

II. A NEW INTERPRETATION OF THE ADMITTANCE FILTER

Consider a one-dimensional admittance filter without the
elastic term:

v =
1

ms+ d
f (1)

where m and d respectively represent the virtual mass and
damping that the human perceives when applying a force f
at the end-effector and v is the speed reference for the robot
tool frame.

The relation (1) can be extended to the general 3-
dimensional case adopting an admittance filter for each

Fig. 1: Pictorial view of the space dependence of the admit-
tance parameters in invariable admittance control.

component of the force in a decoupled fashion:

vx = 1
mxs+dx

fx

vy = 1
mys+dy

fy

vz = 1
mzs+dz

fz

(2)

where vx, vy , vz are the Cartesian components of speed
vector v and fx, fy , fz the ones of the applied force f .

As reported in the literature, the parameters of the three
filters should be selected equal in order to preserve a natural
engagement between human and robot. Therefore, the rela-
tionship between force and velocity in 3-dimensional space
can be written as follows:

v =
1

ms+ d
f (3)

If the force f applied by the human has a constant or slowly
varying direction in time, then filter (3) does not change such
direction, i.e. the velocity vector will have the same direction
as the force, with filtered amplitude.

The extended interpretation of the admittance filter that
will be discussed in the following consists in modelling
each parameter as possibly dependent on the spatial direction
of the human force. With this in mind, each parameter of
a classical invariant admittance filter can be associated in
3-dimensional space to a sphere with radius equal to its
constant value and centred in the origin of a frame defined at
the robot end-effector with axes parallel to the global frame,
see Fig.1. In all the variable admittance control techniques
proposed in literature each parameter is varied according to
a scalar function depending on the intensity of the force,
acceleration and/or velocity or on some estimates of the
stiffness or damping of a human arm. In our graphical
interpretation, this is equivalent to modulating the radius of
the sphere, without any directional information.

Suppose now that a goal position pG has been defined, i.e.
a position that the end-effector of the robot, hand-guided by
the human, is supposed to approach. The idea is to modulate
the gains of the admittance filter (3) accounting for such
goal position pG, in such a way to make the human more
comfortable when moving towards the goal, without however
constraining the motion on an assigned path. Coming back
to our geometrical interpretation, a 3D shape has to be
introduced, that depends on the relative orientation of the
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Fig. 2: Representation of the ellipsoid that defines the pa-
rameters space dependency.

applied force and the direction towards the goal position.
The parameters of such 3D volume will be used to suitably
modulate the gains of the admittance filter as explained in
the next Section.

III. DEVELOPED STRATEGY

The proposed strategy consists in assigning to each param-
eter of the admittance filter an appropriate dependency on the
human force direction as a function of the relative position
of the predefined goal with respect to the actual robot end-
effector. In order to do so, it is necessary to shape the
parameter space dependency rather than with a sphere with
a different shape, constructed based on the desired target.
In particular, we have used an ellipsoid that has the first
principal axis pointing from the actual end-effector position
to the goal one, the second principal axis normal to the first
one and belonging to the horizontal plane passing through the
interaction point, while the third one completes a right hand
frame. The length of the first principal semi-axis is chosen
equal to the minimum value for that parameter while to the
other two semi-axes the maximum value of the parameter is
assigned. Then, the value of a parameter at a certain time
instant is equal to the distance between the centre of the
ellipsoid and the point given by the intersection between this
shape and the line containing the force vector.

Consider Fig.2: first of all, remember that the ellipsoid will
be expressed in a frame centred in the end-effector position
and oriented as the global frame. An ellipsoid centred in the
origin can be expressed just through a 3×3 positive definite
matrix A since it is defined as the set of points x ∈ R3 that
satisfy the following equation:

x>Ax = 1 (4)

The eigenvectors vi, i = 1, 2, 3, of A define the principal
axes of the ellipsoid and therefore, according to the previ-
ously described strategy, they are computed in the following
way:

v1 = pG−pe

‖pG−pe‖

v2 = z×v1

‖z×v1‖

v3 = v1 × v2

(5)

where pG is the absolute goal position, pe is the end-effector
position and z is the unit vector in the direction of the z-
axis of the frame in which the ellipsoid is defined (which is

oriented as the global frame). Then, the eigenvectors can be
arranged in a 3× 3 matrix Q:

Q = [v1|v2|v3] (6)

Matrix Q also expresses the orientation of the ellipsoid
principal axes frame with respect to the frame in which we
have chosen to define it. Being a rotation matrix, Q is an
orthogonal matrix, i.e. its inverse is equal to its transpose.
The eigenvalues λi, i = 1, 2, 3, of A are the reciprocals
of the squares of the semi-axes length. Therefore, for the
generic parameter h (the mass or the damping factor) that
has minimum value hmin and maximum one hmax, the
associated eigenvalues are selected as:

λ1 = 1
(hmin)2

λ2 = 1
(hmax)2

λ3 = 1
(hmax)2

(7)

The eigenvalues can be collected inside a 3 × 3 diagonal
matrix Λh. Then, the matrix Ah representing the ellipsoid
for the generic parameter h is obtained as:

Ah = QΛhQ
−1 = QΛhQ

> (8)

In particular, we will have the mass ellipsoid Am and
the damping ellipsoid Ad associated to the minimum and
maximum values of the mass and the damping, respectively.
The value of the generic parameter h is computed as the
distance from the centre of the ellipsoid to one of the two
points found as the intersection of this shape with a straight
line directed as the human force vector f . Such a value can
be found through the following formula:

h =
1√

u>f Ahuf

(9)

where uf is a unit vector in the same direction of the force
f .

Moreover, as it has already been mentioned, it is simple
to integrate whatever variable admittance strategy proposed
in literature in the one previously described. Indeed, it
is possible to apply to the result (9) of our algorithm
another transformation that takes into account the scaling
of the parameters based on acceleration, cruise speed and
deceleration states. In our interpretation, this would entail an
ellipsoid that not only changes its axes orientation in time
but also its axes length according to a common time-varying
scaling coefficient. In the following, we will describe two
improvements of the strategy previously described.

A. Damping Ellipsoid

As it is well known in literature, a low mass is always
desirable both in acceleration (human force pointing to the
goal) and deceleration (human force pointing in opposite
direction to the goal). This behaviour is guaranteed by the
symmetric structure of the ellipsoid. Instead, a low damping
is advisable when the human is pushing towards the target
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Fig. 3: Representation of the improved shape for the damping
constituted by the union of two half-ellipsoids.

while a high damping is convenient when the worker is
pulling the robot in order to brake it in proximity of the
goal position because it helps to slow down the manipulator.
This desired feature is not realised by the damping ellipsoid
previously defined. Consider then Fig.3: the idea is to assign
a different shape to the damping in the two half-spaces in
which the working region is divided by the plane described
by the second and the third principal axes. A possible
approach is to combine two half-ellipsoids in correspondence
of the aforementioned plane. The first one is the half of the
ellipsoid described in Section III that belongs to the half-
space containing the target. The second half is characterized
by the same principal axes directions and the only difference
is the length of the first semi-axis that is chosen greater or
equal to the maximum value for that parameter. In this way,
an asymmetric spatial shape is given to the damping that
reflects the desired feature. Notice that:
• what we have called maximum value is actually a

value that we chose for the length of the second and
third semi-axes and it is not a physical or a realisation
limitation. Indeed, as reported many times in the liter-
ature, there are no limitations for the maximum values
that can be assigned to mass and damping parameter.
Therefore, it is not surprising that the length of the first
principal semi-axis length of the second half-ellipsoid
can be chosen greater than the value that we have called
maximum value.

• The combination of the two half-ellipsoids does not
create any discontinuity in the overall shape assigned
to the damping.

B. Ellipsoid first principal axis direction

In Section III we proposed that the first principal axis of
the ellipsoid was directed as the vector that connects the
actual end-effector position to the goal one. However, this
might be not the best solution if for some reason the actual
speed is not pointing to the target, namely if the path that
the human will follow to reach the goal won’t be linear but
curved. In such a case, the choice we previously made would
induce an additional effort for the human because, in order
to change the speed direction, he/she applies a continuous di-
rectional force profile that cannot be instantaneously directed
along v1. The previous choice of v1 would then entail a high

Fig. 4: Representation of the minimum curvature path and
of the new ellipsoid first semi-axis direction.

damping value that causes a large human effort. Therefore, it
is better if the human is progressively redirected to the target
along a curve in a smooth way avoiding in this way to cause
him an additional effort. For this purpose, the direction for
the first principal axis will be determined according to the
following steps, making reference to Fig.4:

1) The minimum curvature path p(s) in the normalized
path coordinate s that connects the actual position to
the goal one satisfying the actual velocity is computed
at each time instant k. More precisely, p(s) is selected
with a polynomial structure of the 4th-order and has
to minimize the curvature of the line satisfying the
following bounds:

p(0) = pe(k) p(1) = pG

p′(0) = ve(k) p′(1) = 0
(10)

where p′(s) indicates the first derivative of the path
p(s) with respect to s, pe(k) and ve(k) are respec-
tively the actual position and speed of the end-effector,
pG is the goal position.

2) Then, a point p(s̄) belonging to the computed curve
at the s̄ ∈ [0, 1] of its completion is considered. The
ellipsoid first principal axis direction v1 is selected as:

v1 =
p(s̄)− pe

‖p(s̄)− pe‖
(11)

while v2 and v3 are computed as in (5). If s̄ is chosen
equal to 1, then v1 becomes again equal to (5) and
therefore this minimum curvature approach can be seen
as an additional generalization to the first proposed
strategy. Instead, if s̄ is chosen equal to 0, then the
first axis is directed as the actual speed and this would
entail that the goal is not considered. In this case,
the strategy would completely accommodate whatever
motion the robot is doing. So, no help in redirecting
to the desired target would be given to the human
if s̄ = 0. Therefore, a proper value for s̄ has to be
selected between the two extremes in order to help
the human in a smoother way with respect to the first
strategy presented in section III. Consider that usually
it is desirable to have grater motion freedom (s̄ = 0) at
the beginning of the movement while a more precise
and constrained motion (s̄ = 1) at the end of the
path while the human is approaching the goal position.
Therefore, we have decided not to select a fixed value
for s̄, rather to change it according to the following
equation:

s̄ = 1− e
− ‖pe−p0‖
‖pe−pG‖ (12)
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where pe is the actual end-effector position, pG is the
goal position and p0 is the starting point of the whole
motion. Equation (12) guarantees to have both freedom
of motion (s̄ = 0) in proximity of the starting point and
an accurate motion (s̄ = 1) around the target location.

Notice that this procedure generalizes the first proposed
strategy for the selection of the ellipsoid first principal axis in
case of curved path. Indeed, if the speed is perfectly directed
towards the goal, then this direction coincides with the one
determined by the first strategy.

IV. EXPERIMENTAL RESULTS

The experimental validation of the algorithm described
in this paper is divided in two parts. In the first one, the
developed approach is compared with three invariable admit-
tance controls having the same bandwidth but with different
damping value (small, medium and high). The reason under
which the developed technique is compared with constant
admittance filters instead of another variable admittance
strategy in literature is that the proposed algorithm can be
applied jointly with whatever constant or variable admittance
filter in literature. Therefore, in order to only highlight the
contributions of the presented method, in the experimental
results section the described strategy is superimposed to a
constant admittance filter and not to a variable one. The
objective of this first part of the validation phase is to reach
a pre-determined marked goal position as quickly as possible
and with the best possible accuracy. The target position is
selected in a way that is impossible to be reached from the
starting point along a linear path. The obtained results will be
analysed in terms of completion time, positioning precision,
path length and required human energy.

In the second experimental part, we ask the worker to
reach a random goal position that we have selected inside the
robot operating space. The human does not know where the
goal is, since the target is not marked in this case. In the latter
experiment we want to show that the proposed approach
returns to the worker a natural and intuitive directional
feedback that allows him to reach, with a certain precision,
also a goal that he cannot directly see for example due to
the size of the carried load.

In the experiments, an ABB IRB140 robot with a Robotiq
force/torque sensor mounted on its end-effector is adopted.
The worker interacts with the robot through an handle at-
tached to the force sensor. This support maintains its orienta-
tion during the movement since in this paper we focus on the
translational part only of the motion. In particular, the human
applies a force at the handle and the manipulator moves
in the 3-dimensional Cartesian workspace according to the
corresponding end-effector speed reference generated by the
admittance filter, which are then converted in joints position
and velocity references. The robot is already equipped with a
position and speed controller for each joint, whose sampling
time is 4 ms.

Moreover, due to the difficulty in indicating the target
and evaluating the performance in case of a 3-dimensional

Fig. 5: Picture of the experimental set-up for the first type
of experiments.

goal position, we have set as a target a point in the hori-
zontal plane independent of the height of the end-effector.
Therefore, the target can be seen as a vertical line passing
through a desired point in any horizontal plane. In order to
mark the goal position, we have signed the corresponding
point on the ground. Then, a laser pointing downward is
mounted on the extreme of the handle with the purpose
of facilitating the human comprehension of the actual end-
effector position with respect to the target, avoiding errors
due to some personal perspective. The experimental set-up
is shown in Fig.5.

In order to be consistent with the aforementioned ex-
perimental set-up, we have decided to adopt an invariable
admittance filter with constant parameters along the z-axis
in all the experiments while applying different techniques
in the horizontal plane. Therefore, in place of the described
ellipsoid in the 3-dimensional workspace, we will have an
ellipse in the horizontal plane.

We also consider the stability of the described system and
we found empirically that in correspondence of the minimum
value used for the mass, 10kg, the lowest possible value for
the damping in order to avoid robot oscillations in case of
highly stiff human arm is equal to 100Ns/m.

A. Performance comparison with invariable admittance fil-
ters for curved path

In this set of experiments, each subject (10 in total) is
asked to move the robot from the starting position to the
target one 5 times with the objective of being as quick as
possible during the motion and as accurate as they can in
reaching exactly the goal position. Each of them tries all the
following four techniques in a random order:

1) Invariable Admittance Filter with low damping (IAF-
L): d = 100Ns/m;m = 10kg;

2) Invariable Admittance Filter with medium damping
(IAF-M): d = 250Ns/m;m = 25kg;

3) Invariable Admittance Filter with high damping (IAF-
H): d = 400Ns/m;m = 40kg;

4) Variable Admittance Filter (VAF) with damping com-
puted as described in the paper with all the presented
improvements while the mass is chosen so as to keep
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Fig. 6: Statistics of the time needed to complete the path
with the different control techniques.
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Fig. 7: Statistics of the energy needed to complete the path
with the different control techniques.

at 10rad/s the bandwidth of the filter in order to have
a more intuitive collaboration.

Before the experiments, each volunteer tries the IAF-M
technique for two minutes in order to increase his confidence
with the robot. During this period, the subject can conduct
the robot where he wants and he is not informed of the tests
that he will be asked to do.

As it can be noticed in Fig.5, the target position cannot
be reached through a linear path from the starting point
because of the presence of the robot structure. This forces
the volunteer to approach a curved path towards the target.

As it can be seen from Fig.6, in order to complete the path
with VAF it is only necessary a 5% more time than IAF-L,
but the variability of the results is lower due to the ability
of VAF to help human in approaching the goal position.
Instead, VAF takes almost 30% and 70% less time of the
IAF-M and IAF-H respectively. An analogous comparison
can be done about the human energy required to complete
the path, see Fig.(7). VAF requires to the human a small
additional effort with respect to IAF-L, while it is much less
demanding with respect to IAF-M and IAF-H. In Fig.(8), the
positioning error performance are shown. Even though the
results are quite similar and good (less than 1cm in mean) for
the different techniques, VAF guarantees a higher precision
than IAF-L and almost equal to the one of IAF-M. Another
interesting performance is depicted in Fig.(9). VAF allows
the human to complete the task along a shorter path than
all the others techniques thanks to its ability of redirecting
the human towards the goal. Another interesting feature that
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Fig. 8: Statistics of the positioning precision with the differ-
ent control techniques.
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Fig. 9: Statistics of the path with the different control
techniques.

emerges looking at the performances of IAF techniques in
this plot is that the higher the inertia is (it is proportional
to the damping) the longer the path is because it is more
difficult to change the speed direction of the moving object.
This justifies the need of VAF in order to help the human in
redirecting towards the desired target.

In Fig.10, in the sub-figure on the top, the behaviour of
the damping parameter on a normalized time scale is shown
for the analysed techniques, while in the bottom one a zoom
of the final part of the plot is shown. IAF-L, IAF-M, IAM-
H are represented with the green, magenta, red solid lines,
respectively, while VAF mean value with the blue one. The
dashed blue lines indicate the 75th and 25th percentile of
VAF damping. At the beginning of the path, the operator
cannot go straight to the path due to the already explained
reasons and therefore the damping of VAF cannot be at the
minimum value. After the 30% of the time the damping starts
to settle at the minimum value and also the corresponding
percentiles define a smaller bandwidth around the mean
value. Then, VAF damping remains at the minimum value
for a 55% of the time until the end of the path, when the
human has to brake in correspondence of the goal. Indeed
in this latter phase, as can be seen in the bottom sub-figure,
the VAF mean value almost reaches the maximum damping.
Another interesting thing to notice from Fig.10 is that with
VAF the human is guiding the robot straight towards the
path just after the 30% of the trajectory time. This can be
understood observing that after the first 30% of time, the
damping takes the minimum value, that means the human is
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Fig. 10: Behaviour on a normalized time scale of the virtual
damping for the different control tecniques: IAF-L in solid
green line, IAF-M in solid magenta line, IAF-H in solid red
line, VAF in solid blue line while in dashed blue lines the
75th and 25th percentile of VAF.

moving straight to the target.
After this set of experiments, the volunteers are asked to

answer two questions in order to compare their experience
using the four different techniques, see Fig.11. This plot
shows relative results between VAF and the IAF techniques.
VAF requires less than 20% additional effort with respect
to IAF-L, but it is more than 20% easy in approaching the
goal. Instead, VAF requires 80% and 50% less energy than
IAF-H and IAF-M respectively while VAF is less precise by
40% and 30% than IAF-H and IAF-M. Therefore, VAF is
globally better than IAF-H and IAF-M.

B. Random unknown goal

In this set of experiments, each volunteer is asked to move
the robot from the usual starting position to an unknown
target that has been randomly selected inside the robot
operating space. In particular, the human has only 40 seconds
at his disposal in order to approach the goal position as
accurate as he can. In the latter set of experiments we want
to show that the proposed approach returns to the worker a
natural and intuitive directional feedback that allows him to
reach, with a certain precision, also a goal that he cannot
directly see for example due to the size of the transported
load. The volunteer will use only our proposed technique
to accomplish this task since the other strategies do not
distinguish between space directions and therefore they will

IAF-H vs VAF IAF-M vs VAF IAF-L vs VAF
-100

-80

-60

-40

-20

0

20

40

60

80

100

H
u

m
a

n
 E

ff
o

rt
 P

e
rc

e
p

ti
o

n
 w

rt
 V

A
F

 [
%

]

IAF-H vs VAF IAF-M vs VAF IAF-L vs VAF
-100

-80

-60

-40

-20

0

20

40

60

80

100

E
a

s
y
 G

o
a

l 
P

o
s
it
io

n
in

g
 w

rt
 V

A
F

 [
%

]

Fig. 11: Questionnaire statistics of the effort and the easy
of approaching the goal position of the invariant control
techniques with respect to the variable strategy. The relative
results are expressed in percentage.
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Fig. 12: Statistics of the positioning precision in reaching the
subsequent unknown random goal position.

fail in this type of task. Each volunteer is asked to reach 3
different randomly chosen goals as accurately as they can
with only one shoot for each goal. The statistics about the
distance of the final position from the unknown goal are
reported in Fig.12 divided in the 3 subsequent unknown
goals. It is clear that with practise the performance increases:
indeed both the mean value and the difference in the subject
results decrease. Even though the volunteers have never tried
such a task before and have no experience with physical
interaction with a robot, the obtained results are very good.
Indeed, at the first trial the mean error is already under 10cm
and at the third one is under 4cm with low variability.

At the end of this set of experiments volunteers are asked
to answer four questions evaluating their experience with a
mark from 1 to 10:
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Fig. 13: Questionnaire statistics about the unknown goal
approaching experience.

• Q1 is about ease of perception of the right direction in
which the subject should guide the robot;

• Q2 is about the possibility of improving the perfor-
mance with more practise;

• Q3 asks if they clearly perceive to be in proximity of
the target;

• Q4 asks about their confidence in having reached the
unknown goal position with a good precision.

The results are shown in Fig.13. The volunteers argue that it
was easy to perceive the right motion direction and that with
some additional practise the performance surely increase.
Moreover, they state that they clearly understand of being
near to the goal position and therefore they are confident
that they have reached the target with a good accuracy.

V. CONCLUSION

In this paper, a novel extended physical interpretation
of the classical admittance control in human-robot physical
interaction is proposed. The admittance parameters are made
dependent also on the relative direction between the force
and the relative position of the goal with respect to the
actual position. Based on this new idea, we have conceived
a variable admittance control that enriches the classical
algorithms with the ability to help the human in directing
towards a predefined goal position also along a curved path.
The idea is to modulate the damping so that the human
perceives a higher resistance in the wrong directions and
a lower one in the correct direction. Moreover, it allows
to reach target positions even in case the human cannot
directly see the goal because for example the transported
object is bulky and obstructs the worker view. This is possible
thanks to the intuitive and natural feedback that this strategy
returns to the human operator. The performance of the
proposed controller are evaluated by means of point to point
cooperative motions with 10 volunteers and compared with
the ones of three constant damping controllers in terms of:
human energy, completion time, positioning error and path
length. The results show that the proposed strategy is the
best compromise since it combines the positive aspects of the
constant law damping and constant high damping controls.
Then, the ability of approaching completely unknown goals
is tested and successfully validated.
The proposed control technique constitutes the first funda-
mental step towards a multi-goal scenario, where human

can arbitrarily decide where to guide the robot among a
predefined set of goals.
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