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Design and Prototyping of a Cable-Driven Parallel Robot with a
Reconfigurable Moving-Platform for Pick-and-Place Operations

Camillo Murgia1,2, Philip Long2, Stéphane Caro1

Abstract— Operating traditional serial robots in large envi-
ronments are challenging due to the difficulty and exponential
cost of scaling the system’s workspace. Cable-Driven Parallel
Robots (CDPRs), thanks to the low cost of cables in comparison
to more sophisticated mechanisms, have the possibility to
operate across large workspaces with limited cost. However, one
issue for CDPR remains the more complex handling of cable
collisions with the environment, in particular when operating
in cluttered environments that are typical in large warehouses.
The following work presents a solution to this problem through
the use of a reconfigurable Mobile Platform. The mechanical
design and control strategy are proposed and discussed. A
reconfigurable dual-platform design and unique cable routing
inside the CDPR’s mobile platform make it possible to increase
the robot reachability. Using only the main robot motors and a
docking system between the mobile platform and the work-cell
ceiling, the system can dock throughout the entire workspace
and deploy a sub-robot capable of operating between obstacles
increasing the reachability of the robot. Two different docking
system design are tested using dedicated control strategy and
compared. The prototypes are experimentally validated and
compared using a large scale eight cables CDPR.

I. INTRODUCTION

The use of cables to provide the actuation of robots is
an attractive prospect due to the advantages of lightweight
structure and low energy consumption across large space.
This work focuses on a particular class of cable robot,
known as Cable-Driven Parallel Robot (CDPR). The general
structure of a CDPR, presented in [1], is similar to a steward
platform [2], where the links are in this case cables. A fixed
structure act as the supports for the cables and the actuators
of the robot, while a mobile platform (MP) connected to
the cables can move as a function of the length of the cables.
The cable length vector describes the state of the robot. Each
cable acts as a limb of the robot. The number of the cables
define the controllable DOFs of the MP and due to the
nature of cables i.e. they cannot push, a redundant number
of cables is necessary in order to achieve 6 DOF, in particular
eight cables are used. CDPRs thanks to the light structure
provided by the cables can guarantee a large workspace.

We focus on suspended CDPRs where the MP is sus-
pended from the top structure via attachment points, thus
reducing potential collisions in the environment. In the field
of CDPRs, particularly suspended CDPRs, the ability to span
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a large workspace both horizontally and vertically makes
them suitable for a wide range of pick and place (P&P)
tasks. The use of cables in the robot’s actuation allows for
a relatively lightweight MP , with the weight of the motors
placed on the robot’s external frame, significantly reducing
the MP’s inertia.

However, cable collisions still present a major challenge
when operating in a cluttered environment. In a P&P scenario
within a large warehouse with tall shelves or piles of boxes,
the workspace of a traditional suspended CDPR is often
limited due to possible collisions with tall obstacles while the
MP is attempting to reach a position at the bottom of the
workspace. This limitation can significantly compromise the
applicability of this type of robot in cluttered environments.
A solution that utilizes a reconfigurable MP , consisting of
a main and a secondary platform that can be deployed by
the main one, is presented in Skopin et al. work [3].

In this work, key features focusing on the interface be-
tween the main and the secondary platforms, and the docking
system functionalities are re-designed and a tension distri-
bution switching controller implemented. The approach is
validated using the CRAFT robot, an eight cable suspended-
CDPR. The paper is organized as follows: Section II presents
related works on CDPR, Section III presents the mechan-
ical structure of the MP and its modelling, focusing on
cables routing, the interface between the main and secondary
platforms, and the docking system. Section IV describes
the control strategy used to operate the CDPR. Section V
presents the experimental results conducted with the new
design. Section VI draws conclusions and outlines future
work.

II. RELATED WORK

CDPRs have been used in several different applications,
both outdoor and indoor, notably, Skycam [4], where a four-
cable CDPR is used to move a camera inside a stadium
for aerial videos of sports matches or events. Other outdoor
applications are related to the assembly of large solar panels
[5] or the actuation of large radio telescopes such as the
FAST [6], or in a vertical planar configuration to automate
the cleaning of large glass walls [7]. In indoor applications,
CDPRs have been used in various configurations for visual
inspection [8] or object handling. P&P of heavy metal
part is performed in [9] using a reconfigurable CDPR in
which the position of the pulleys can be modified in a
discrete manner on its frame. CDPR is used in [10] to test
cables that can detect collisions with humans, in order to
create a safe environment for human-robot collaboration. In



[11], a CDPR is used in additive manufacturing to have a
lightweight MP capable of moving the material extruder
for 3D printing. Various solutions have been proposed for
interacting with objects on large shelves in warehouses, a
planar robot capable of operating on the side of a shelf is
presented in [12]. In [13] a more versatile mobile CDPR is
presented, capable of moving inside a warehouse as a mobile
robot, and then, thanks to two mobile units where the cables
are attached, it can deploy an MP that can operate in a
planar workspace next to a shelf.

CDPR design places significant importance on its
workspace. In [14], the workspace is considered the robot’s
primary design parameter. A detailed explanation of the
workspace of a CDPR is presented in [15]. The article
discusses the importance and computation of the Wrench
Feasible Workspace (WFW). Several studies have addressed
the computation of the WFW for traditional CDPR [16], as
well as for reconfigurable CDPRs, such as mobile-CDPRs
[17] or planar reconfigurable CDPRs with a parent and a
child MP [18].

The design presented in this work, thanks to its novel
reconfigurable platform, is intended to increase its effective-
ness within a logistics warehouse or distribution center. In
particular, where a different CDPR configuration would not
be able to operate due to the cluttered environment and other
solutions such as more conventional mobile robots would not
be suitable.

III. RECONFIGURABLE DESIGN

A. Mechanical Design of the MP
The proposed MP is used on the CRAFT robot which

has an external structure measuring 3.75×4.35×2.75 meter
and supports all motors, winches, and pulleys. In this work,
all 8 pulleys that provide the fixed exit points for the cables,
are placed near the ceiling, with two pulleys at each corner.
Table I provides details on the exact exit points.

The MP consists of a main platform P1 and a secondary
platform P2 see Fig. 1. Both platforms are made using
20×20 millimeter aluminum profiles. P1 is composed by an
external frame 50×50×30 centimeter made of aluminum, on
the lower side a 3D printed plastic piece act as interface with
the P2. On the platform’s upper side, two aluminum bars are
used to mount on the docking system. P2 is made up of a
15× 15 centimeter square aluminum structure with four 3D

TABLE I: Anchor points of the cables between the CRAFT frame and the
main MP . On the left, the pulley exit points of the cables in the fixed
robot frame. On the right the anchor points of the main platform P1 in its
own frame. index i represent the cables number. All the values are in meter.

i
F ai P1bi

x y z x y z
1 0.379 0.008 2.780 0.240 -0.251 0.294
2 0.059 0.314 2.778 -0.259 0.238 0.010
3 0.054 3.934 2.778 -0.251 -0.240 0.294
4 0.366 4.249 2.785 0.238 0.259 0.010
5 3.378 4.254 2.787 -0.240 0.251 0.294
6 3.690 3.951 2.788 0.259 -0.238 0.010
7 3.695 0.317 2.788 0.251 0.240 0.294
8 3.386 0.009 2.783 -0.238 -0.259 0.010
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(a) Render of both the moving platforms. The two MPs are not in contact in this
case. It is possible to see the cables anchor points and the eyelets that route the cables
to the P2. Each anchor points is numbered with respect to the cables enumeration
convention used in this CDPR.

(b) P2 the four big pins are part of the interface with the P1.

(c) Photo of both P1 and P2 with the two platform in contact.

Fig. 1: Design of the Dual-Platform prototype presented in this work.

Fig. 2: Close up of the fixed anchor points and the eyelets mounted on P1.



(a) Operational mode 1, the MP (P1 ∪P2) is free
to move within the workspace.

(b) Operational mode 2, P1 is attached to the ceiling
thanks to the docking system, P2 is still in contact
to P1.

(c) Operational mode 3, P1 is docked, P2 is free to
move in its sub-workspace.

Fig. 3: Different operational modes of the robot.

(a) Top view of the MP with the four
pins installed.

(b) Render of the two components of the
pin/socket system.

(c) Close up of a single electromagnet.
Each electromagnet is held in position by
a small 3D printed support (in black).

(d) Close up of the interface between the
electromagnet and the metallic fixed dock-
ing part.

Fig. 4: Details of the two presented docking system.

printed pins pointing upward that act as contact points with
P1. The eight cables used to operate the MP are anchored
according to this scheme:

• cables 1, 3, 5, and 7 are fixed to the four upper corners
of P1

• cables 2, 4, 6, and 8 are free to pass through loops fixed
to the four lower corners of P1 and then fixed to the
four corners of P2

The position of P1’s connection points are given in Table I.
The fixed cable connection to the MP consists of a small
cable loop fixed on the MP , and a hook attached to the
end of each cable. The four eyelets on the P1 are made of a
simple cylindrical piece of machined aluminum with a hole
in the center through which the cable can pass freely Fig. 2.

B. Kinetostatic model of CDPR

To simplify the robot description, a model based on the
static equilibrium of the MP is introduced. A frame F is
attached to the system’s fixed structure, and a frame P to the
MP with respective origins O and P. The pose of MP is
defined in the frame F as a vector p and a rotation matrix Q,
illustrated in Fig. 5. Each cable is modeled as a straight line
with negligible mass and inelastic properties. It is identified
by a vector ci and its norm is ci. The anchor points of the
cables are denoted as Ai and vector ai w.r.t. frame F and Bi

and vector ri w.r.t. frame P . An external wrench applied to
the MP is defined as we, and the tension in each i-th cables
is defined as the vector t. The static equilibrium of the MP
can be described by the equation:

Wt + we = 06 (1)

Where the matrix W is the wrench matrix defined as:

W =

[
c1/c1 · · · cm/cm

(Qr1)× c1/(rc1) · · · (Qrm)× cm/(rcm)

]
(2)

Using the matrix W it is possible to derive both the geometric
and kinematic model of the CDPR. The robot’s state vari-
ables are defined as the vector q describing the joint position,
and x describing the Cartesian pose of the MP . The twist
(pose time derivative) of the MP is defined as ẋ.

C. MP Operational Modes

It is possible to identify three different configurations of
the overall reconfigurable MP during its operation, follow-
ing the definition presented in [18]

• Operational Mode 1 (OM1) the two MPs P1 and P2

are stuck together (due to the higher mass of P1 that
exerts a force against P2, and the interface between P1

and P2 that prevents from xy plane translation and xyz
rotation). The whole platform behaves as a single plat-
form with eight cables in COGIRO like configuration
[19]. The MP can move freely within the workspace,
and is defined as MP = P1 ∪P2. The twist of the two
platform is the same: ẋ1 = ẋ2 = ẋ,



Fig. 5: The kinetostatic model of a CDPR. [24]

• In Operational Mode 2 (OM2), the two platforms (P1

and P2) are still in contact with each other, but at this
stage P1 is in contact with the ceiling of the workspace,
in particular the platform is in contact with one of
the docking stations present in the workspace. During
OM2, the two platforms are in static equilibrium and
both are stationary ẋ1 = ẋ2 = ẋ = 0. The mobile
platform is defined as MP = P1 ∪ P2 ,

• In Operational Mode 3 (OM3), P1 is docked to
the ceiling of the workspace and is unable to move
ẋ1 = 0 (due to the docking system), while P2 is
deployed (disconnected from P1) ẋ2 = ẋ and is able to
move in a sub-workspace below P1 with a cylindrical
shape. Note that in this phase P2 can be seen as an
underconstrained CDPR with only four cables moving
in a 6 DOF environment. Due to this condition, some
parasitic motions are expected. During OM3, the four
lower eyelet points of P1 act as fixed exit points of the
”new” sub-CDPR. MP = P2.

P2 during OM3 is able to reach for example the space
between two shelves avoiding cables collision. The three
operational mode are shown in Fig. 3.

D. Docking Mechanism

As previously mentioned, the key feature of the MP is
its ability to be attached to the work-cell ceiling using a
docking system, allowing P1 to remain in a fixed position
and permitting the deployment of P2. Two different docking
systems were designed, prototyped, and tested on the real
robot during this work: the four pins/sockets docking system
and the electromagnets driven docking system.

The first method, as shown in Fig. 4a, 4b, consists of four
pins attached to the top of P1 and four sockets attached
to the ceiling. The pins and sockets are cone-shaped to
ensure a strong connection when fully inserted, but during

the approach to the docking, thanks to the conical tip, a
small tolerance in the position is tolerated (about 1cm error
on the xy plane). The pins/sockets are arranged in a square
configuration. The idea of this design is to use the four upper
cables to exert a force along the z-axis to hold P1 and,
thanks to the mechanical constraint, to avoid the rotation
of P1 induced by the configuration of the 4 cables.

The second method, as shown in Fig. 4c, 4d, is based on
the use of electromagnets to ensure contact and static equi-
librium of P1. In this design, four electromagnets capable to
provide 150 Newton of force each, are attached to the top
of P1 and a metal plate (ferromagnetic material) is attached
to the ceiling. The electromagnets must be powered, which
means that an extra power cable must be connected to the
platform. In this approach the upper cables of P1 are not
required to ensure the static equilibrium, in fact in this design
all the weight of the MP is held by the electromagnets. The
electromagnets must be activated and released (turned on and
off) to dock and undock the platform.

To directly measure the interaction wrench between P1

and the ceiling, a 6 axis force torque sensor is installed. The
sensor is capable of measuring both the interaction force
and moment. Using the sensor measurements, it is possible
to obtain more consistent data during the experiments. The
sensor is an ATI Industrial Automation Delta Sensor [20].

IV. CONTROL STRATEGY

CDPRs, like other types of serial or parallel robots, can
be controlled in joint space (JS) or Cartesian space (CS), as
well as using a reference value in the pose/twist space or
in the wrench space. In particular the main structure of the
controller used in this work is based on a set of waypoints
defined in CS and connected by fifth order polynomial
trajectory, for each time instant a reference values for the
MP pose xd twist ẋd and acceleration ẍd. The control input
utilized in this work follows the control strategy presented
in [21] and [22]. It consists of three components: a PID
based on joints position error, (note that in CDPR this is
referred to as the angle of the winches that control the
length of the cables) to obtain the desired winch position
qd and velocity q̇d the Inverse Geometric Model (IGM) and
Inverse Kinematic Model (IKM) are used while the measured
position qm is obtained by the motor encoders. The output of
the PID is then multiplied by the winch radius Rw to obtain
the contribute in term of motor torque ΓPID. A friction
compensation term based on the friction model of the motor-
gearbox-winch-pulley chain. The last control components, is
a Feed-Forward term that depends on the dynamic model
of the MP . It is first obtained in the CS and then using
a tension distribution algorithm (TDA) is projected in the
JS, in particular the barycentric TDA is used [23]. The
three obtained components are summed up Γcor and used
as control input. The controller’s block diagram is shown in
Fig. 6.

However, some modifications have been implemented to
handle the reconfigurable MP and the two presented dock-
ing systems. No changes were made to the controller during
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Fig. 6: Block diagram of the main structure of the robot controller.

OM1. The IGM, IKM, and dynamic model are defined
with respect to the MP (P1 ∪ P2). During OM2 and
OM3, the following modifications are implemented for each
docking system to handle the docking phase and deployment
of the secondary platform (P2). Firstly, for both docking
system methods, the control of the four upper cables (directly
connected to P1) and the four lower cables are decoupled.
Specifically, the lower cables control the P2 by following
a desired CS trajectory based on a set of waypoints. The
controller is a simplified version of the one shown in Fig. 6,
where the IGM and IKM are related to the P2 model, and
the feed-forward component is reduced to the only gravity
compensation term wg . A different strategy is used to control
the four upper cables based on the docking system used.
In the four pins/sockets method, the controller must ensure
that P1 exerts a sufficient upward force to maintain the
static equilibrium of the platform. This is accomplished by
using a reference wrench in CS that is projected in JS using
the sub-Wrench matrix i.e., the matrix only considering the
contribution of the four upper cables. The sensor installed on
top of P1 is not used as a feedback term for the controller,
but solely to acquire data during the experiment. The control
strategy for the upper cables in the electromagnets docking
system is simpler than the previous one: the controller only
keeps the length of the upper cables constant during OM2/3.
The controller turn on and off the electromagnets at the
appropriate times to ensure a smooth transition. Note that
during OM3, P2 is not fully constrained as the number
of cables is lower than the number of degrees of freedom.
However, this condition does not compromise the design’s

efficiency because, during this phase, P2 is only required to
perform a vertical translation.

V. EXPERIMENTAL VALIDATION

A. Experimental setup

To experimentally verify the effectiveness of the proposed
design of a reconfigurable Mobile Platform of a CDPR for
pick and place applications, a specific Cartesian trajectory is
designed to simulate a P&P scenario, consisting of a series
of operations 1:

1) The MP is in its home pose Fig. 7a
2) During OM1, the entire MP moves under the dock-

ing station Fig. 7b
3) The MP makes contact with the docking station and

with respect to the specific docking system used, the
MP will perform the docking (OM2) Fig. 7c

4) While P1 is secured to the ceiling, P2 is deployed and
reaches a point under P1 where it virtually performs
its task (pick or place) Fig. 7d

5) Then the process is repeated backward, P2 is returned
to P1 and the two platforms come into contact with
each other

6) The docking system is released
7) The whole MP moves back to its home pose

These steps, are defined as a set of waypoints with predefined
time stamps, connected by a set of polynomial trajectories.
The switching between the different controller phases and the
activation of the docking system is defined offline. The same

1Video of the experiment at https://youtu.be/QfmYUW-azQM



(a) MP in home pose. (b) MP under the docking station ready
to dock.

(c) P1 docked to the ceiling and P2 ready
to be deployed.

(d) P1 docked, P2 free to move in its sub-
workspace.

Fig. 7: Photos of the main stages of the trajectory defined, to perform the experiment.

trajectory is tested using the two different docking systems
to compare their performances. In Fig. 7 the key phases of
the experiments are shown.

B. Experimental Results

Fig. 8 illustrates the winch position measurements, pro-
viding a clear understanding of how the cables change in
length as the platform moves, and shows how the upper
(even) and lower (odd) cables are decoupled during the
deployment of P2. Fig. 10 shows the reference tension of
each cable demonstrating the varying behavior of the upper
and lower cables during the deployment of P2. Specifically,
in Fig. 10a, which refers to the four-pin/socket docking
system, the constant tension applied by the upper cables to
maintain the static equilibrium of P1 is visible. Fig. 10b
refers to the electromagnet docking system, the tension in the
upper cables is kept constant while the docking is ensured
by the magnetic force. The plot in Fig. 9 and 11 shows the
interaction force and moment between P1 and the ceiling,
as measured by the wrench sensor.

C. Discussion

Both docking methods enable the system to successfully
complete the P&P task, even in the presence of close
obstacles that would have made it impossible for a traditional
CDPR. A comparative table II is presented to highlight the
main advantages and disadvantages of each docking system
method. Regarding the deployment of P2, it can be achieved
without difficulty using the chosen docking system.

Some clarification can be made about the consideration
shown in the table II. The pins/sockets method must be
considered as discrete in space because the MP can only
dock in a corresponding of a set of sockets permanently
fixed to the ceiling of the workspace. In contrast, the
electromagnets can dock anywhere within a metal plate
ceiling, allowing more flexibility in choosing the appropriate
docking point. A solution that has not been investigated is to
compensate the discrete docking of the pins/sockets method
moving on x-y plane the P2 during OM3, in order to reach
the desired target position even if the docking station is

TABLE II: Main pros and cons of the pins/sockets and the electromagnets
docking system studied during this work.

PROS CONS

pins/sockets -Simpler design
-Completely passive

-More complex
control algorithm
-Discrete docking system
-Smaller workspace for
the docking station

electromagnets

-Simpler control algorithm
-Continuous docking
system position
-Bigger workspace for the
docking station
-Safer connection

-More expensive
-Electric power dependent
docking

imperfectly aligned above the target, this can compensate for
misalignment but possible other problems may arise such as
parasitic motion in P2. Note that for simplicity, the prototype
ceiling for the electromagnets docking does not provide a
wide range docking point, but only a few centimeters of
tolerance on the x-y plane.

Regarding the workspace dimension where the two meth-
ods can perform the docking, some differences are relevant.
Since the pins/sockets method must exert a force against
the ceiling to ensure docking, the WFW where this force is
satisfied is smaller than the WFW where it is not. This results
in a smaller working area with respect to the electromagnets
system, where the platform only needs to make contact with
the ceiling and does not need to exert an additional force to
ensure the docking.

Moreover, considering the safety of the docking mecha-
nism during the electromagnet docking, the entire effort is
carried out by the electromagnets and therefore, apart from
a problem in the powering of the coils, the force is always
guaranteed. In contrast, the pins/sockets method relies on the
mechanical constraint of the sockets, ensured by the constant
tension in the cables; a small lack of tension in the cables
or a small elongation in the cables can provoke an undesired
undocking of the P1 and the corresponding fall on the other
platform, which can result in serious damage to the structure.

Finally, during OM2/3 of the pins/sockets test, unwanted



(a) Pins/sockets docking system

(b) Electromagnet driven docking system

Fig. 8: Behavior of the winches position angles during the experiment.
Note that the black dotted lines represent the translation between the
different OM, while the red dotted lines represent the instant in which
the electromagnets are turned on/off.

forces along the x-y plane can be observed, mainly due to
the four pins/sockets structure mounted between the sensor
and the pins. This structure does not guarantee a symmetrical
and uniform distribution of the contact forces.

VI. CONCLUSION

In this work, the design and prototype of a reconfigurable
mobile platform for Cable-Driven Parallel Robots was pre-
sented. The tests yielded results regarding the feasibility of
the idea and demonstrated an improvement in the reachability
of the MP in a cluttered environment. Further research
is necessary to conduct a deeper analysis of the robot
workspace. To accurately determine the WFW of the robot,
it is important to analyze its behavior both as a single
platform and when P1 is docked and P2 is free to move. This
analysis should consider the robustness of different docking
systems and their contribution to the shaping of the WFW.
Studies must be carried out on a trajectory planner capable of
managing an optimal strategy during the pick-and-place task
to optimize when the displacement of P2 is necessary and
which can be the best docking position in order to perform a
desired task without colliding with the environment. Finally,
a more advanced controller will be synthesized to consider
the feedback provided by the force and torque sensor during
the docking phase.

(a) Interaction force, the z-axis has two
spikes during the MP gets in contact
with the ceiling and when it lost the con-
tact. There is a consistent force along the
x-axis during OM3 probably due to the
shape of the pins support.

(b) Interaction moment, a consistent mo-
ment about z-axis is generated by the
four upper cables during OM2/3, some
noise is present about x and y axes during
OM2/3.

Fig. 9: Interaction wrench in the pins/sockets docking system experiment.

(a) Pins/sockets docking system.

(b) Electromagnet driven docking system

Fig. 10: Behavior cables tension during the experiment.

(a) Interaction force measured. The first
spike is due to the contact, the plateau
correspond to the weight of the P1 itself.

(b) Interaction moment measured.

Fig. 11: Interaction wrench in the electromagnets driven docking system
experiment.
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