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Abstract— In the actual industrial scenarios, human opera-
tors and robots work together sharing the workspace. Such
proximity requires special attention in ensuring safety for the
human operator, which is often translated in collision avoidance
behaviour or high speed reduction. Adhering safety however
is not the only aspect that must be taken into account. For
many tasks, such as welding, it is crucial to ensure that
the robot performs exactly the planned path. To optimize
robot performance while complying with safety regulations,
this work introduces a novel optimal nonlinear control prob-
lem. It prioritizes path preservation, exploiting redundancy
to minimize task execution time, while explicitly adhering to
the constraints imposed by ISO/TS 15066. To achieve high-
performance outcomes, the control problem is addressed using
the Model Predictive Control (MPC) approach. The proposed
strategy has been experimentally validated in both simulations
and a real-world industrial task involving a Kuka LWR4+ robot.

I. INTRODUCTION

In recent years, industrial scenarios have experienced a
deep transformation with the advent of collaborative robotics.
This paradigm shift has necessitated the introduction of
new safety standards to regulate and adapt to this emerg-
ing technology [1]. These standards, namely ISO 10218-1
and ISO 10218-2 [2], [3], define four distinct collaborative
modes: safety-rated monitored stop (SMS), hand guiding
(HG), speed and separation monitoring (SSM) and power
and force limiting (PFL). Additionally, technical specification
ISO/TS 15066 [4] provides guidelines for assessing the risk
associated with each collaborative mode. In real industrial
applications, the SSM mode is often preferred due to its
simplicity of implementation. In this collaborative mode, the
robot speed is dynamically adapted based on the distance
with the human operator.

As a result, numerous researchers have directed their
efforts toward developing strategies to ensure the safety of
human operators and achieve collision-free trajectories. One
widely employed approach involves the use of potential
fields. In [5] the authors exploit the concept of static and
kinetostatic danger fields to implement a collision behaviour
with human operators. Similarly, in [6] the runtime collision-
free trajectories are generated at runtime building a potential
field around the whole robot body. In [7] an efficient control
scheme for safe human-robot collaboration (HRC) is pro-
posed, leveraging attractive and repulsive danger fields to
impose constraints on control inputs.
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Despite their simplicity of implementation and effective-
ness in straightforward environments, potential fields do not
ensure the execution of tasks. Their susceptibility to local
minima can potentially compromise task completion. To
address this challenge, many researchers have focused on
developing optimization-based strategies. In [8] the authors
present a control algorithm that addresses safety while trying
to preserve the desired trajectory. The strategy exploits the
use of control barrier functions [9] around the robot body
and the human body to maintain a collision-free trajectory
while adhering to ISO/TS 15066. In [10] the authors propose
to exploit the use of a Model Predictive Control (MPC) to
ensure that the robot safely replans its motion in the presence
of a human operator.

However, there are scenarios where deviating from the
planned path is not feasible for task execution, such as
industrial operations in highly cluttered environments or
orientation constraints. This can be addressed by exploiting
trajectory scaling algorithms to efficiently adjust the robot
speed along the planned path. In [11] a trajectory scaling
algorithm that ensures a safe robot behaviour is proposed.
In particular, the velocity limits imposed by SSM and PFL
are merged to define a new safe velocity limit and used
as an upper bound in the trajectory scaling algorithm. In
[12] the authors propose to integrate an online planning
strategy with a safety-aware scaling optimization algorithm.
The robot moves along a planned path adapting the speed
based on the safety standards constraint. When the reduction
of the speed is too high, the current path has become
largely inefficient. The planner is then triggered to plan a
new collision-free trajectory, allowing the robot to reach
the desired goal faster. These scaling algorithms, however,
do not consider the possibility of redundancy and may
be largely inefficient when dealing with them, i.e. tasks
that require to constrain only the end-effector pose. For
instance, a scaling algorithm might cause a robot to slow
down unnecessarily when a part of its body, such as the
elbow, is near a human operator, while the end-effector could
still follow the desired trajectory. Consequently, leveraging
the redundancies within the robot manipulator can prove
advantageous in avoiding unnecessary reductions in speed
and enhancing overall performance. This has been partially
addressed in [13] where the authors propose a MPC approach
to deal with task scaling technique while respecting the
kinematic constraints. However, there is no guarantee of
preserving the geometrical path when it is included as a
term in the cost function. A more robust approach would be
to enforce this preservation by exploiting the Hierarchical
Quadratic Programming (HQP) formulation [14], where the
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constraints are imposed in a hierarchic way. Additionally, it is
important to underline that [13] does not explicitly consider
the constraint imposed by safety regulations, i.e. it is not
suitable for real industrial scenarios.

Drawing inspiration from HQP [14], in this paper an
extension of the framework introduced in [12] is proposed.
A novel optimal nonlinear control problem for task scaling
is proposed. Starting from a collision-free trajectory in the
task space, the optimal control framework minimizes the
deviations from the nominal trajectory such that the robot
end-effector will follow exactly the desired path while ex-
plicitly adhering to constraints imposed by ISO/TS 15066.
When the human operator approaches the robot body without
obstructing the end-effector, the optimization problem lever-
ages redundancies to prevent unnecessary speed reductions
without deviating from the desired path, outperforming [12].
On the contrary, when the human operator obstructs the
robot at the end-effector, the proposed approach is able
to guarantees a safe collaboration as the method proposed
in [12], without any loss of performance. Furthermore, the
proposed optimization problem can be easily extended to
other tasks [14], making it applicable to real industrial
scenarios.

Summarizing, the main contributions of this paper are:
• A novel optimal nonlinear control problem that explic-

itly considers redundancy in order to improve the adapt-
ability of the robot without affecting the performance.

• An extensive validation, both in simulated and real en-
vironments, proving the effectiveness of the framework.

The paper is organized as follows: in Sec. II the problem
statement is presented, while Sec. III details the proposed
optimal control problem with a deep explanation of all the
constraints and the cost function. Lastly, Sec. IV provides
the experimental validation, both in simulated and real envi-
ronments, while Sec. V addresses the conclusion and future
works.

II. PROBLEM STATEMENT

Consider an HRC application where a n-DoFs velocity-
controlled robot manipulator has to collaborate with a human
operator in order to accomplish a common job. The velocity-
controlled robot is modeled as:

q̇ = u, (1)

where q̇ ∈ Rn, and u ∈ Rn are the joint velocities and the
controller input, respectively.

During the collaboration, the robot has to perform a set
of tasks each of which is associated with a task-space
trajectory xdes(t) ∈ Rm, with m ≤ n, that goes from an
initial pose xdes(ti) = xi ∈ Rm to a desired final pose
xdes(tf ) = xf ∈ Rm. Such trajectory is considered already
optimal, i.e. it is computed with standard algorithms that
optimize a desired criteria, e.g. [15]–[17]. To describe the
robot motion in task space, it is possible to use the kinematic
model:

ẋ = JT (q)u, (2)

where JT ∈ Rm×n represents the task-space Jacobian, i.e.
the Jacobian that maps the joint velocities q̇ in the task-space
of dimension m. From equation (2) it is possible to compute
the input for the system:

u = J†
T (q)ẋdes + Pnsuns, (3)

where Pns ∈ Rn×n and uns is the projector in the null space
and the null space input, respectively.

Consider tasks whose execution is guaranteed only if
the robot end-effector precisely follows the path associated
with the trajectory. In such cases, this trajectory can be
decomposed by applying a path-velocity decomposition:

xdes(t) = xdes(s(t)) t ∈
[
ti, tf

]
, (4)

ẋdes(t) = x′
des(s(t))ṡ t ∈

[
ti, tf

]
, (5)

where s ∈ R is the curvilinear abscissa that parametrizes the
geometrical path xdes(s(t)), x′

des(s(t)) is the vector tangent
to the desired path, and ṡ constitutes the magnitude of the
robot velocity. Thanks to this decomposition, it is possible
to modulate the robot speed without changing the computed
path, i.e. acting on ṡ.

Furthermore, it is also crucial that the robot does not harm
the human operator. Indeed, to ensure a safe collaboration,
the robot behaviour must be compliant with the safety limits
imposed by ISO/TS 15066 standard. In particular, focusing
on the SSM collaborative mode, it is possible to derive an
upper bound on the robot speed towards the human operator
[12]:

vrh(t) ≤
√

vh(t)2 + (amaxTr)2 − 2amaxK(t)+

− amaxTr − vh(t),
(6)

where K(t) = C + Zd + Zr − Sp(t). vrh(t) ∈ R and
vh(t) ∈ R are the scalar velocity of the robot towards the
human operator and the scalar velocity of the human operator
towards the robot, respectively. amax ∈ R is the maximum
deceleration and Tr ∈ R is the robot reaction time. C
is the intrusion distance, i.e. the distance that a part of
the body can intrude into the sensing field before it is
detected, while Zd and Zr are the position uncertainties of
the human operator inside the workspace and of the robot
system, respectively. Lastly, Sp represents the protective
separation distance. For this reason, the shared workspace
is equipped with a monitoring unit that allows tracking the
human operator during the collaboration.

This work aims at ensuring a safe and efficient HRC
collaboration. The primary objective is to ensure that the
robot end-effector follows exactly the desired path for correct
task execution. However, there may be situations when the
robot speed needs to be reduced to ensure compliance with
the safety regulations, as expressed in (6). To achieve this,
this paper introduces a novel optimal control problem that
computes the optimal robot input u over time such that:

• the robot end-effector path is exactly as the desired path
associated with xdes(t).

• the robot speed is reduced as low as possible in the task
space, i.e. ṡ is as close as possible to its desired value.
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• the robot speed towards the human operator is lower
than the admissible value computed according to the
ISO/TS 15066.

III. OPTIMAL CONTROL PROBLEM

This section aims at presenting and illustrating the pro-
posed optimal control problem. The goal of this problem is
to reduce as little as possible the speed of the robot while
ensuring that the executed end-effector path is exactly the
desired one and that the robot behaviour is compliant with
the ISO/TS 15066.

A. Path-Preserving Constraint

To ensure the correct execution of the task, it is essential
for the robot end-effector to exactly follow the planned path.
Thus the robot speed can be modulated at runtime without
changing the overall path performed. This can be achieved
by multiplying the rate of change of curvilinear abscissa,
denoted as ṡ, by a scaling factor represented as α ∈ [0, 1].
Scaling all the joint velocities, as proposed in [12], can lead
to inefficient behaviour, i.e. the robot speed may be scaled too
much. Indeed, since only the task path must be respected, it
is possible to exploit the robot redundancies to increase the
distance between the robot and the human. This approach
may help reduce speed modulations when the robot is close
to the human operator with links other than the end-effector.

For ease of notation, the trajectory can be parameterized
so that the rate of change of curvilinear abscissa remains
constant over time, i.e. ṡ(t) = ˙̄s. While this is a common
technique exploited in literature [13], it is worth underlining
that all the formulation can be easily extended to a case
with a time-varying ṡ(t). The path-preserving constraint is
expressed as follows:

JT (q)(t)u(t) = x′
des(s(t))α(t) ˙̄s. (7)

Imposing the constraint in (7) with u as optimization vari-
ables implicitly ensures that the robot can perform move-
ments in the null space to maximize the desired cost function,
which is detailed in Sec. III-D. This is demonstrated by
plugging equation (3) in the constraint equation where, for
ease of notation, the dependency with the time has been
removed:

JT (q)u = αx′
des(s) ˙̄s, (8)

JT (q)(J
†
T (q)αx

′
des(s) ˙̄s+ Pnsuns) = αx′

des(s) ˙̄s, (9)
αx′

des(s) ˙̄s+ 0uns = αx′
des(s) ˙̄s, (10)

where the definition JT (q)Pns = 0 has been used [18].
From (10) it is clear that using u as a variable to optimize
the null-space input uns is automatically computed without
affecting the resulting task.

B. Speed and Separation Monitoring Constraint

This constraint aims to ensure that the robot velocity
toward the human operator remains lower than the maximum
admissible speed, as defined by equation (6). This constraint
is obtained by projecting the Cartesian velocity of each link

into the robot-human direction and then imposing the ISO/TS
15066 upper bound. Mathematically, this can be expressed
by:

nrhi
(t)Jpi

(qpi
(t))upi

≤ vmaxi
(t) ∀i ∈ {1, . . . , n}, (11)

where nrhi
is the unit vector representing the direction from

the i-th robot link to the human, which can be computed,
e.g. representing both the human operator and the robot as
capsules [19] or using the weighted distance [20]. Jpi is
the partial Jacobian of the i-th link, while qpi and upi are
the subvectors of q and u containing the first i-th joints
and inputs, respectively. For ease of notation, a new variable
called modified Jacobian is introduced:

Jri(qpi
(t), t) = nrhi

(t)Jpi
(qpi

(t)) (12)

During the execution, nrhi
changes over time based on

both the robot movements and the human operator move-
ments. Thus, it is necessary to estimate the behaviour of the
human operator by leveraging techniques that are already
available in literature, e.g. [21], [22].

C. Kinematic Constraint

To be feasible, the optimization problem must be compli-
ant with the kinematic constraint of the system. These can
be summarized as:

qmin ≤ q(t) ≤ qmax,

q̇min ≤ u(t) ≤ q̇max,

0 ≤ s(t) ≤ smax,

(13)

where qmin and qmax are the lower and upper bound of the
robot joints, while q̇min and q̇max are the one on the input,
i.e. the velocity. Lastly, smax represents the upper bound of
the curvilinear abscissa and depends on the parametrization
chosen.

D. Cost Function

The goal of the optimization problem is to ensure that
the robot speed along the path is modulated as little as
possible. In other words, it aims to guarantee that the
final robot trajectory will be as close as possible to the
desired one xdes(t). This means that the scaling factor α
should ideally remain equal to its desired maximum value,
i.e. αmax = 1. Furthermore, it is in general necessary to
penalize unnecessary movements, e.g. at the end of the path
a movement of the robot in the null space is undesired. This
means that joint speed must be penalized. Thus the cost
function can be expressed as the sum of these two costs:

1

2

∫ tf

ti

∥1− α(τ)∥2Wα
+ ∥u(τ)∥2Wu

dτ, (14)

where Wα and Wu represent two weighting factors that are
used to penalize the scaling factor error and the joint speed,
respectively. In this proposed formulation, Wα >> Wu to
prioritize the path following.
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E. Final Problem

Plugging all the constraints and the cost function together,
it is possible to obtain the following control problem:

min
u(·),α(·)

1

2

∫ tf

ti

∥1− α(τ)∥2Wα
+ ∥u(τ)∥2Wu

dτ,

s.t. JT (q(t))u(t) = x′
des(s(t))α(t) ˙̄s, ∀t ∈ [ti, tf ],

Jri(qpi(t))upi(t) ≤ vmaxi(t) ∀i ∈ {1, . . . , n},
∀t ∈ [ti, tf ],

qmin ≤ q(t) ≤ qmax ∀t ∈ [ti, tf ],

q̇min ≤ q̇(t) ≤ q̇max ∀t ∈ [ti, tf ],

0 ≤ s(t) ≤ smax ∀t ∈ [ti, tf ],

s(t) =

∫ t

ti

α(τ) ˙̄sdτ ∀t ∈ [ti, tf ],

q(t) =

∫ t

ti

u(τ)dτ ∀t ∈ [ti, tf ],

0 ≤ α(t) ≤ 1 ∀t ∈ [ti, tf ].

(15)
Where the last three constraints represent the evolution of
the system, modeled as (1), the evolution of the curvilinear
abscissa, and the limit on the scaling factor α. Since the
optimization variables are both u and α, the robot will be
free to adjust the joint configuration to keep α = 1, implicitly
exploiting the redundancies of the system according to (3)
and (10).

Even if highly nonlinear, the optimization problem (15)
has always a feasible solution. When the human operator
hinders the end-effector in such a way that the task can not be
fulfilled at the desired speed, the trajectory in the task space
is scaled until reaching (in the worst case) a null speed, i.e.
α = 0 and u = 0. The guarantee stands because the model
in equation (1) does not take into account the acceleration
limits. When the human operator, instead, hinders the body
of the robot, e.g. the elbow, the optimization problem ex-
ploits the redundancy of the robot to avoid undesired speed
reduction.

The main drawback of (15) is its high complexity. Due to
the nonlinearities, solving the optimal control problem over
the entire time horizon, from ti to tf , is a computationally
demanding and it is difficult to achieve in real time for
online control. Nonetheless, it is possible to achieve good
performance by solving it over a shorter receding horizon, by
leveraging the MPC formulation [13]. It is worth to underline
that, differently from the approach in [13], the proposed
optimization problem in equation (15) forces the robot end-
effector to stay on the path thanks to the first constraint.
Furthermore, thanks to how it is formalized, the optimization
problem can be easily extended to the execution of other
tasks with lower priority exploiting the HQP formulation
[14].

Fig. 1: Simulated environment. The red sphere represents the human, the
yellow sphere represents the final goal, and the green spheres represent the
path.

IV. EXPERIMENTAL VALIDATION

This section is dedicated to demonstrating the effective-
ness of the optimization problem presented in (15).

Firstly, the approach is validated in a simulated environ-
ment, highlighting the advantages of an extended control
horizon compared to local optimization even in situation
where the human operator is not moving. This improvement
is intuitive, as the MPC approach enables the robot to
proactively address situations where it might approach the
human operator, with a consequent speed reduction for safety
reasons, and joint limits. By anticipating and avoiding such
speed reductions, the overall performance is enhanced and
the execution time is reduced.

Secondly, the approach undergoes validation in a real-
world experiment where the robot has to linearly push a
reel, simulating a machine-tending scenario. This validation
demonstrates the effectiveness of the presented strategy and
its practical applicability, even in real settings where a human
operator is present, potentially hindering task execution.

A. Simulated Environment

In this experiment, a simulated Kuka LWR4+, a 7 DoFs
collaborative robot, has to follow a linear trajectory with the
end-effector, while the orientation is free to change and is
not constrained during the task execution. The initial robot
configuration id q = {0, 0.5, 0, 2.07, 0,−1.3, 0} while the
desired linear movement is ∆xdes = {0.15,−0.3,−0.15}.
Starting from this, it is possible to compute a trajectory
xdes(t) as a third-order polynomial trajectory. Lastly, for
simplicity, the human operator is approximated as a sphere
in the scene whose position is constant and equal to
Ph = {0.06,−0.15, 0.7}. The overall scene is represented in
Fig. 1.

The simulation time has been chosen equal to Ts = 2 ms
and the simulation experiments have been solved by exploit-
ing the Matlab fmincon solver. To illustrate the effectiveness
and the advantages of the MPC approach, two distinct cases
are examined:

• Control and prediction horizon equal to H = 1.
• Control and prediction horizon equal to H = 5.

The results are illustrated in Fig. 2, where it is possible to
note that choosing a low prediction horizon, i.e. H = 1, the
robotic system reaches a minimum and it is not able to reach
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Fig. 2: Evolution of s and α for different horizons.

(a)

(b)

Fig. 3: Setup of the experiments. a) Reel insertion performed by a UR10e
collaborative robot. b) Reproduction of the machine tending task.

the end of the path. By using a greater horizon, the system
can predict this issue and complete the overall task.

B. Real Experiment

In the real experiment, the Kuka LWR4+ has to perform a
machine-tending task, i.e. it has to linearly insert a reel that
must be changed. This task has taken inspiration from the
IMA use case of the ROSSINI project1, which is illustrated
in Fig. 3a. To perform the insertion phase, the task has been
reproduced in a laboratory setting, as illustrated in Fig. 3b.

The tracking of the human operator2 has been performed
exploiting seven OptiTrack PrimeX cameras along with the

1https://www.youtube.com/watch?v=o3vp4j14GFs
2For the sake of simplicity, the human operator is approximated only with

a capsule embedding the arm.

Motive software. The OptiTrack has been also exploited to
estimate the human velocity. Starting from this information
it is possible to predict the future human operator position
with the method proposed in [21]. These tracking compo-
nents were integrated into the system, which was developed
using ROS Melodic Morenia meta-operating system and
executed on a Intel(R) Core(TM) i7-10510U with Ubuntu
18.04 operating system. The optimization problem in (15) is
solved by exploiting acados framework [23] with the SQP-
RTI algorithm [24].

Concerning the frequencies, the communication with the
Kuka LWR4+ works at 500 Hz, while the OptiTrack works
at a frequency of 240 Hz. The optimization problem con-
vergence is strictly related to the prediction horizon selected.
With a prediction horizon of 8, it is solved in approximately
10 ms allowing it to directly control the system. It is worth
underlining that by appropriately adjusting the robot reaction
time Tr in equation (6), it is possible to ensure that the overall
robot behaviour remains safe.

To validate and show the effectiveness for the real sce-
nario, these experiments have been performed:

• Insertion of the reel without the presence of the human
operator. This experiment provides insight into how the
robot would behave without any safety constraints when
inserting the reel.

• Insertion of the reel while the human operator hinders
the robot elbow. This experiment demonstrates that in
the presence of the human operator, the robot exploits
the redundancies to ensure the correct execution of the
task.

• Insertion of the reel with the approach proposed in [12]
while the human operator hinders the robot elbow. This
experiment is used to compare the proposed approach
with our previous work.

• Insertion of the reel while the human operator hinders
the end-effector. This demonstrates that, in the worst
case, the proposed approach behaves similarly to the
scaling algorithm proposed in [12].

Furthermore, the results can also be appreciated in the
accompanying video.

In the first experiment, since the human operator is not
inside the scene, the speed of the robot is never modulated,
i.e. α = 1. A single snapshot of this experiment, that can be
used as a comparison for the others, is illustrated in Fig. 4a.

The second experiment, instead, illustrated how the pro-
posed approach behaves when the human operator hinders
the robot. In particular, during the initial phase, the human
operator approaches the robot elbow. As expected, thanks
to the optimization problem formulated in (15) the robot is
still able to perform the task while exploiting the redun-
dancy to increase the distance between the elbow and the
human operator. This is illustrated in Fig. 4b, where it is
important to note the different robot configuration w.r.t. Fig.
4a. Furthermore, Fig. 5a shows the evolution of the end-
effector position during the experiment, demonstrating that
the performed path is equal to the planned one, while Fig.
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(a) (b)

(c) (d)

Fig. 4: Snapshots of the experiments. a) First experiment. Robot configu-
ration when the human is not in the scene. b) Second experiment. Robot
configuration when the human hinders the elbow. c) Third experiment. The
robot stops with the approach proposed in [12]. d) Fourth experiment. The
robot stops when the human hinders the end-effector.

Real Desired

(a)

Real Desired

(b)

Fig. 5: End-effector position during the second and fourth experiment,
respectively.

6a shows that the scaling factor is always equal to one while
adhering to (6).

In the third experiment, the control problem is solved
with the optimization problem proposed in [12]. Exploiting
that architecture, all the robot velocities are modulated to
ensure safety. Since the human operator is very close to
the robot elbow, the safety requirement imposed by the
ISO/TS 15066 constraint imposes that the robot can not move
towards the human operator, i.e. vmax = 0. Thus, the only
admissible solution is to stop the robot, as shown in Fig.
4c. A quantitative comparison in that case would not be fair,
since the stopping time would depend on how much time the
human operator hinders the robot.

In the last experiment, the human operator hinders both
the end-effector and the elbow. In particular, when the end-

(a) (b)

Fig. 6: a) Data regarding the ISO/TS 15066 constraint for the second and
fourth experiment, respectively. Distance between the human operator and
the most interesting link, i.e. elbow for the second and end-effector for
the fourth, maximum speed according to the ISO/TS15066, and the scaling
factor computed.

effector is approaching the human operator the solution
computed by the solver is α = 0 and u = 0, stopping the
robot. This is illustrated in Fig. 5b, where the end-effector
position remains equal from T = 1.2 s to T = 3.4 s, and
in Fig. 6b. Fig. 4d, instead, shows the real robot stopped.
It is important to underline that, as demonstrated in the
previous experiment, the proposed strategy can achieve the
same performances that would be achieved by exploiting the
framework outlined in [12]. Thus, the proposed approach
is an extension of [12] that achieves the same performances
when the human operator obstructs the planned task path but
it drastically reduces the execution time when the operator
approaches the robot body.

V. CONCLUSIONS AND FUTURE WORKS

Starting from the work done in [12], in this paper, a
novel nonlinear control problem is proposed. The goal of the
control problem is to efficiently handle the safety constraint
imposed by the ISO/TS 15066, minimizing the execution
time, while ensuring that the performed end-effector path is
not changed. Due to the high computational complexity, the
problem is solved by exploiting a model predictive control
formulation, achieving good performances. The proposed
strategy has been validated both in a simulated and in a real
scenario, proving its effectiveness and adaptability.

Future works will aim at exploiting how the proposed
approach behaves when adding other constraints with lower
priority, such as increasing the distance to the joint limits.
Furthermore, it would be possible to embed the work in
a more complex architecture and use the result of this
optimization problem as a reference for a faster low-level
controller. Then, the formulation can be extended to consider
also the PFL constraint and not only the SSM constraint.
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