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Abstract: Box folding represents a crucial challenge for automated packaging systems. This
work bridges the gap between existing methods for folding sequence extraction and approaches
focused on the adaptability of automated systems to specific box types. An innovative method
is proposed to identify and rank folding sequences, enabling the transformation of a box from
an initial state to a desired final configuration. The system evaluates and ranks these sequences
based on their feasibility and compatibility with available hardware, providing recommendations
for real-world implementations. Finally, an illustrative use case is presented, where a robot
performs the folding of a box.
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1. INTRODUCTION

In the context of modern logistics and the growing demand
for efficient goods handling, automated box folding has
become an essential process for many industries. Beyond
logistics, any company that produces goods (across a wide
range of sectors) may need to automate its packaging
operations to keep up with increasing production vol-
umes. As production scales up, the need to automate the
packaging process—from the object-inserting phase to the
folding of boxes—becomes ever more critical, not only to
reduce labor costs but also to increase throughput and
maintain consistency in product handling. While recent
research primarily focuses on aspects such as filling and
arranging objects to optimize space with Zhu et al. (2021),
improving package stability fromWang and Hauser (2019),
and arranging irregular objects with Huang et al. (2023),
relatively few works address the actual box folding process.

The problem of determining how to fold a carton is typ-
ically approached from two opposite perspectives. One
approach focuses on the theoretical aspect, deriving all
possible folding sequences without considering the type
of machine possibly executing them, leaving the selection
of an implementable sequence to human intuition or ex-
pertise. The other approach develops solutions limited to
specific types of cartons and tailored to the available hard-
ware, sacrificing flexibility and adaptability. In contrast,
this work aims to address the problem comprehensively,
bridging the gap between these two extremes. By gener-
alizing the process for any carton design and introduc-
ing metrics to evaluate folding sequences, this research
provides a systematic framework that not only identifies

Fig. 1. Folding steps of the implemented sequence ex-
tracted by the proposed algorithm.

feasible sequences but also supports their implementation
in diverse industrial settings.

2. RELATED WORKS

The problem of automated carton folding has attracted
significant attention in past research, though interest in
this area seems to have waned in recent years. However,
with the growing demand for flexible and efficient pack-
aging systems, it is still important to contribute to this
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field by exploring innovative solutions and methodologies.
Several works have investigated carton folding, focusing
on two main research domains. The first involves how to
represent and model a box structure, while the second one
focuses on robotic manipulation strategies, ranging from
fixture-based approaches to the use of advanced automa-
tion tools.

2.1 Box Representation and Kinematic Modeling

Initial works, such as those by Dai and Jones (1999),
Liu and Dai (2002), and Dai and Jones (2002), concep-
tualize cartons as metamorphic mechanisms. Panels are
represented as links, while creases act as revolute joints.
This framework captures the evolving mobility of cartons
during the folding process. To understand and model the
connections between joints (creases) and links (panels),
Liu and Dai (2002) introduces the concepts of adjacency
and hereditary connectivity matrices. These matrices de-
scribe the relationships among components and are further
reorganized into directed graphs, as shown in Liu and Dai
(2002) and Dai and Jones (2002), using graph theory to
analyze kinematic paths.

Modeling also requires specifying the dimensions of panels
and creases to ensure accurate representation. Liu and Dai
(2002) and Dai and Jones (2002) employ parameters such
as panel depth, thickness, breadth, and crease length and
calculate the geometric center of each panel. These centers
serve as fixed reference points for applying rotations and
translations, ensuring precise folding movements.

To describe the carton mobility during folding, Liu and
Dai (2002), Dai and Jones (2002), and Dai and Jones
(1999) utilize the Grübler-Kutzbach mobility criterion by
Davies (1968) to calculate the degrees of freedom available
at different folding stages. Additionally, Dai and Jones
(1999) and Dai and Jones (2002) employ Screw Theory
by Stramigioli and Bruyninckx (2001) to further analyze
motion, offering a detailed understanding of kinematic
constraints and mobility transitions.

Kinematic modeling also defines the constraints that gov-
ern allowable movements and folding angles to maintain
structural consistency. Liu and Dai (2002), Dai and Jones
(2002), and Yao et al. (2010a) explore these constraints,
addressing the range of permissible movements and the
specific folding angles required. They also examine folding
sequences, emphasizing that certain folds must occur in
a defined order to prevent overlaps or collisions. Path
planning complements kinematic modeling by enabling
collision-free folding sequences. Lu and Akella (2000) in-
troduces a path planning approach that uses the con-
figuration space (C-space from Lozano-Perez (1983)) to
compute feasible paths. This ensures each fold aligns with
spatial constraints while maintaining the carton structural
integrity.

2.2 Robotics for Box Handling

The key requirements for robotic systems in carton han-
dling include adaptability to different carton shapes, re-
liability in repeated operations, and speed to meet in-
dustrial throughput demands. In literature, two primary

approaches have emerged to address the diverse require-
ments of packaging automation. The first relies on fixture-
based systems, which simplify carton handling by using
specialized fixtures to stabilize and position the carton,
reducing the need for complex robotic movements. For
example, Lu and Akella (2000) employs a motion plan-
ning approach that uses fixtures to manage the precise
positioning of cartons, enabling the robotic arm to perform
basic movements with reliable results. Similarly, Khire and
Madnaik (2001) presents a low-cost automation solution
for folding grape packaging cartons, designed for small-
batch production and offering a cost-effective solution.
While both works present fixture-based systems as highly
effective for standardized carton folding, they face signifi-
cant challenges in handling variability in carton shapes and
sizes, as each new carton design requires a complete fixture
redesign, lacking flexibility for different carton styles.

The second approach focuses on mechanically complex
robotic systems that use mechanical fingers and artic-
ulated joints to handle intricate carton folding. Unlike
fixture-based setups, these systems perform detailed fold-
ing operations, allowing for adaptability to diverse carton
styles and complex designs. Yao et al. (2010a) introduces a
reconfigurable robotic system designed with modular au-
tomatic fingers that can manipulate each carton indepen-
dently, enabling adaptability to any carton type. Similarly,
Yao et al. (2010b) presents an automated solution tai-
lored specifically for the confectionery industry, featuring
articulated joints and modular components. Despite their
versatility, mechanically complex systems involve higher
costs and require significant maintenance efforts. The chal-
lenging upkeep and reconfiguration processes can result
in extended downtime whenever a new carton design is
introduced, emphasizing the trade-offs between flexibility
and operational efficiency in these approaches.

2.3 Contributions

This study aims to bridge the gap between general fold-
ing sequence extraction and hardware-specific implemen-
tation. At its core, our approach introduces an algorithm
whose aim is to identify feasible folding sequences that
prioritize collision avoidance. These sequences are gener-
ated in a hardware-independent manner, focusing solely
on determining viable folding paths. Unlike previous ap-
proaches, which either develop methods tailored to spe-
cific hardware or explore folding sequence analysis from
a purely theoretical standpoint, this work goes further by
proposing innovative indices to evaluate and recommend
the most suitable folding sequences based on the automa-
tion hardware employed.

3. PROPOSED APPROACH

This work tackles the challenge of automating the fold-
ing process for flat cartons by identifying and suggesting
feasible folding sequences for real-world implementation.
The methodology consists of three phases: representing the
carton structure through kinematic modeling and connec-
tivity analysis (Section 3.1), systematically identifying fea-
sible folding sequences using decision trees (Section 3.2),
and introducing evaluation metrics to rank and prioritize
sequences based on hardware compatibility (Section 3.3).

Fig. 2. Simplified structure of a three-panel decision tree. On the left, the first five iterations of the backtracking process
are shown, highlighting excluded paths and intermediate states. On the right, the completed search is depicted,
with the valid sequences reaching the final states Sf highlighted in orange.

3.1 Box Modeling and Connectivity Matrix Generation

This phase focuses on representing the carton structure
and its folding capabilities using tools from kinematic
modeling discussed in Section 2.1. Following established
approaches, the carton can be modeled as a mechanism
composed of joints and links, where folds are treated as
rotational joints and panels as rigid links. Given a box
with n joints, we define θ as the joint angle vector:

θ = [θ1, θ2, . . . , θn]
T , (1)

where θi denotes the rotation angle of joint i. To capture
the structural relationships between panels, we introduce
the connectivity matrix C, defined as:

Cij =


1 if panel i influences panel j,

0 otherwise.
(2)

This matrix encodes both adjacency and hierarchical de-
pendencies, allowing the identification of parent-child re-
lationships, where the motion of a parent panel affects
its child panels. The carton state can thus be compactly
represented by the variable S, defined as:

S = {θ, C}. (3)

Based on this representation, the state of the carton can
be further generalized using the connected graph Gt =
(V,Et), where V represents the set of panels and Et the
edges describing the connections between panels at time
t. The connected graph is a dynamic representation that
captures changes in degrees of freedom during the folding
process. Consequently, the joint angle vector θ and the
connectivity matrix C can be expressed as functions of
the connected graph Gt:

θ, C = g(Gt) (4)

To complement the topological representation, the physi-
cal properties of each panel are incorporated. Panels are
characterized by their dimensions and positions, stored in
the following matrices:

D =




h1 w1 t1
h2 w2 t2
...

...
...

hn wn tn


 , P =




x1 y1 z1
x2 y2 z2
...

...
...

xn yn zn


 (5)

where hi, wi, ti are the height, width, and thickness of
panel i, and (xi, yi, zi) is its geometric center.

3.2 Folding Sequence Identification

Building upon the representation formalized in Section 3.1,
the folding process is defined as a sequence of discrete
actions that transition the carton from an initial state S0

to a final state Sf . The initial state S0 is characterized by
joint angles θiniti , while the final state Sf corresponds to
joint angles θfinali . At each step t, for a box with n panels,
an action vector ut = {u1, u2, . . . , un} is defined, where ui

represents the action applied to joint i. Specifically, ui is
either a complete rotation that moves the joint i from θiniti

to θfinali or 0. The action space U(St) is defined as:

U(St) =


ut = {u1, u2, . . . , un} |

ui = 0 if θti = θfinali ,

else ui ∈ {0, θfinali − θiniti },
n

i=1

I(ui ̸= 0) = 1


,

(6)

where I is the indicator function. The formulation ensures
that, at each step t, only one joint is rotated from the
initial to the final configuration, while all other joints
remain stationary. For example, in a carton with 3 panels
where all the panels can be rotated, ut at a given iteration
might be ut = [∆θ1, 0, 0], ut = [0,∆θ2, 0], or ut =
[0, 0,∆θ3], indicating that only one panel is folded at a
time. The state transition is governed by the function f ,
which updates the state St based on the applied action
vector ut. The updated state is given by:

St+1 = f(St,ut). (7)
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Fig. 2. Simplified structure of a three-panel decision tree. On the left, the first five iterations of the backtracking process
are shown, highlighting excluded paths and intermediate states. On the right, the completed search is depicted,
with the valid sequences reaching the final states Sf highlighted in orange.

3.1 Box Modeling and Connectivity Matrix Generation

This phase focuses on representing the carton structure
and its folding capabilities using tools from kinematic
modeling discussed in Section 2.1. Following established
approaches, the carton can be modeled as a mechanism
composed of joints and links, where folds are treated as
rotational joints and panels as rigid links. Given a box
with n joints, we define θ as the joint angle vector:

θ = [θ1, θ2, . . . , θn]
T , (1)

where θi denotes the rotation angle of joint i. To capture
the structural relationships between panels, we introduce
the connectivity matrix C, defined as:

Cij =


1 if panel i influences panel j,

0 otherwise.
(2)

This matrix encodes both adjacency and hierarchical de-
pendencies, allowing the identification of parent-child re-
lationships, where the motion of a parent panel affects
its child panels. The carton state can thus be compactly
represented by the variable S, defined as:

S = {θ, C}. (3)

Based on this representation, the state of the carton can
be further generalized using the connected graph Gt =
(V,Et), where V represents the set of panels and Et the
edges describing the connections between panels at time
t. The connected graph is a dynamic representation that
captures changes in degrees of freedom during the folding
process. Consequently, the joint angle vector θ and the
connectivity matrix C can be expressed as functions of
the connected graph Gt:

θ, C = g(Gt) (4)

To complement the topological representation, the physi-
cal properties of each panel are incorporated. Panels are
characterized by their dimensions and positions, stored in
the following matrices:

D =




h1 w1 t1
h2 w2 t2
...

...
...

hn wn tn


 , P =




x1 y1 z1
x2 y2 z2
...

...
...

xn yn zn


 (5)

where hi, wi, ti are the height, width, and thickness of
panel i, and (xi, yi, zi) is its geometric center.

3.2 Folding Sequence Identification

Building upon the representation formalized in Section 3.1,
the folding process is defined as a sequence of discrete
actions that transition the carton from an initial state S0

to a final state Sf . The initial state S0 is characterized by
joint angles θiniti , while the final state Sf corresponds to
joint angles θfinali . At each step t, for a box with n panels,
an action vector ut = {u1, u2, . . . , un} is defined, where ui

represents the action applied to joint i. Specifically, ui is
either a complete rotation that moves the joint i from θiniti

to θfinali or 0. The action space U(St) is defined as:

U(St) =


ut = {u1, u2, . . . , un} |

ui = 0 if θti = θfinali ,

else ui ∈ {0, θfinali − θiniti },
n

i=1

I(ui ̸= 0) = 1


,

(6)

where I is the indicator function. The formulation ensures
that, at each step t, only one joint is rotated from the
initial to the final configuration, while all other joints
remain stationary. For example, in a carton with 3 panels
where all the panels can be rotated, ut at a given iteration
might be ut = [∆θ1, 0, 0], ut = [0,∆θ2, 0], or ut =
[0, 0,∆θ3], indicating that only one panel is folded at a
time. The state transition is governed by the function f ,
which updates the state St based on the applied action
vector ut. The updated state is given by:

St+1 = f(St,ut). (7)
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To validate the action ut from a state St, a collision-
checking function CC(St,ut) is defined. This function
verifies whether the incremental rotation specified by ut

causes any collisions. It is defined as:

CC(St,ut) =

{
True, if no collision occurs,

False, otherwise.
(8)

We can define a valid sequence σj as the action sequence
{ut}kt=0 that satisfies the following constraints:

St+1 = f(St,ut),

ut ∈ U(St),

St=0 = S0, St=k = Sf ,

CC(St,ut) = True, ∀t ∈ {0, . . . , k}

(9)

This formulation ensures that the carton transitions from
the initial state S0 to the final state Sf while respecting
geometric and kinematic constraints. By requiring ut

to belong to the action space U(St) and verifying each
action through CC(St,ut), the process avoids collisions
and guarantees that only valid folding actions are applied.

The problem thus becomes identifying all q feasible se-
quences σ1, . . . , σq that satisfy Equation (9). To achieve
this, we adopt a decision tree representation, where each
node is defined as N = (S′′, S′,u′), with S′′ representing
the current state of the carton, S′ the parent state, such
that S′′ = f(S′,u′). The root node is initialized based on
the initial state S0, while successful transitions between
nodes are governed by CC(S′,u′) = True. This ensures
that only valid action vectors are considered, avoiding
collisions and respecting kinematic constraints. To ex-
plore the decision tree and identify all valid sequences,
a backtracking algorithm from Gurari and Eitan (1999)
is employed. This algorithm systematically traverses the
tree using a depth-first search strategy, exploring each
path as far as possible. When a transition fails to satisfy
CC(St,ut) = True, the algorithm backtracks to the parent
node and evaluates alternative actions. A sequence σj is
then recorded only if it leads to the final state Sf . This
approach guarantees that all feasible configurations are
explored while efficiently pruning invalid paths. A visual
representation of the tree and the search algorithm is
shown in Fig. 2.

3.3 Evaluation Metrics for Ranking Folding Sequences

The innovative contribution of this work lies in the in-
troduction of evaluation metrics designed to assess which
folding sequence can be effectively implemented on spe-
cific hardware. These metrics allow for the ranking of se-
quences identified in the preceding phase, ensuring better
alignment with the practical requirements. For a feasible
sequence σj of length k, expressed as {ut}kt=0, which
represents a progression of states S0 → S1 → · · · → Sf ,
each cost function evaluates specific aspects of the folding
process associated with σj . The evaluation details are
presented below.

Bounding Box Volume Criterion This criterion mini-
mizes the cumulative spatial volume occupied by the car-
ton during the folding process, promoting compactness
and stability. For a given carton configuration St, the
volume V (St) of the smallest bounding box enclosing the
carton is expressed as:

Fig. 3. On the left, an example of Aerial Folding is shown.
On the right, the folding process involves a panel
taken from the workbench, which does not classify
as Aerial Folding

V (St) = l(St) · w(St) · h(St), (10)

where l(St), w(St), and h(St) represent the length, width,
and height of the bounding box at configuration St respec-
tively. The total cost Cvol(σ) for a folding sequence σ is
calculated as the cumulative volume across all intermedi-
ate configurations:

Cvol(σ) =

k−1∑
t=0

V (St). (11)

By minimizing Cvol(σ), this criterion ensures compact
folding, reduces collision risks, and ease of manipulation.

Bounding Box Maximum Dimension Criterion This cri-
terion minimizes the largest single dimension of the bound-
ing box across all folding steps to improve accessibility and
ensure compatibility with robotic hardware constraints,
such as workspace limitations. For a given configuration
St, the maximum dimension MaxDim(St) of the bounding
box is defined as:

MaxDim(St) = max
(
l(St), w(St), h(St)

)
. (12)

The total cost Cdim(σ) for a sequence σ is given by:

Cdim(σ) =

k−1∑
t=0

MaxDim(St). (13)

By prioritizing sequences with smaller maximum dimen-
sions, this criterion focuses on reducing the most restrictive
spatial constraint, enabling the robot to handle cartons
more effectively within limited workspaces.

Number of Aerial Foldings Criterion This criterion eval-
uates the stability of the sequence by counting the number
of folds performed without the support of the workbench
denoting them as Aerial Folds. An example is shown in
Fig. 3. Due to gravitational effects and material flexibility,
these folds introduce variability in the initial position of
the panel, resulting in less predictable and repeatable
folds. For a given configuration St, an indicator function
a(St) is defined as:

a(St) =

{
1 if an aerial fold occurs ,

0 otherwise
(14)

The total cost Caerial(σ) for a sequence σ is the cumulative
sum of the indicator function:

Caerial(σ) =

k−1∑
t=0

a(St). (15)

Minimizing Caerial(σ) enhances the stability and reliability
of the folding process, especially in setups lacking external
feedback sensors.

Fig. 4. Hardware setup used in our case study

4. IMPLEMENTATION OVERVIEW AND CASE
STUDY

The following paragraph detail the implementation of the
proposed method and provide a comprehensive example
that demonstrates its application in a real-world scenario.
First, we describe the technical implementation of the
method, highlighting the steps taken to ensure accurate
modeling, collision evaluation, and sequence extraction.
Subsequently, a complete case study is presented, encom-
passing the hardware setup, the selection of a specific
carton, and the execution of the folding sequence using
the proposed approach.

4.1 Simulation Carton Modeling

The nature of the proposed approach heavily relies on
precise collision control, a critical requirement for ensuring
the feasibility of folding sequences. For this reason, the
implementation was carried out with Unity, a simulation
software capable of handling complex 3D simulations with
detailed control over object interactions. The first phase
of the implementation involves the representation of the
carton, following the framework introduced in Section 3.1.
The data required to fully describe the carton structure
includes the precise positioning of panel centers, the di-
mensions of each panel, and the connectivity relationships
that bind the panels together. This representation lever-
ages the connectivity matrix to account for hereditary de-
pendencies among panels. Additionally, specific elements
that influence the evaluation of collisions are incorporated
into the simulation. These elements include the gripper,
the table, and any supporting fixtures, as they play a
significant role in determining the feasibility of folding
actions. The algorithm uses this information not only to
describe the spatial constraints but also to assess the acces-
sibility of panels during the folding process. For instance,
by incorporating the gripper dimensions, the algorithm
can determine whether to grasp a panel from the inside or
the outside. Key parameters are defined to fine-tune the
collision evaluation process. Among these, the tolerance
angle specifies the granularity of collision checks, deter-
mining how frequently the algorithm evaluates potential
collisions as the folding process transitions from the initial
to the final state of each joint angle. Lastly, the initial and
final angles of the carton panels are provided to describe
their starting and target configurations.

Fig. 5. Representation of the box model used in the use
case, including all necessary parameters

4.2 Case Study

For the use case selected, a simple rectangular box model
was chosen. The selected box has approximate dimensions
of 33 cm in length, 24 cm in width, and 14 cm in height,
with a panel thickness of 0.2 cm. As shown in Fig. 5, the
box is depicted with all the necessary parameters required
to initiate the simulation. The folding objective for this
model focuses on assembling the base and lateral structure
of the box while leaving the top open. This design choice
allows for the potential insertion of items into the box
before completing the final closing sequence.

Experimental Setup The chosen setup significantly influ-
ences the metrics used to select the folding sequence for
implementation. Specifically, the objective was to design a
system capable of folding boxes using a relatively simple
configuration: a single robotic manipulator equipped with
modular fixtures and tools. As can be seen from Fig. 4, the
tool is equipped with two rows of suction cups, which are
essential for handling the carton panels. Each suction cup
is mounted on a spring mechanism, providing flexibility
to ensure a secure grip and maintain contact between
the tool and the panel. The fixtures on the workbench
include two orthogonal aluminum profiles mounted on its
surface to guide the initial positioning of the flat carton.
An additional row of suction cups is mounted above one
of the aluminum profiles. These stabilizing suction cups
are activated as needed to hold panels in place after a
fold has been completed, preventing undesired movement
and maintaining the integrity of the structure during the
folding process.

Since the robot is designed to fold one panel at a time,
it was necessary to implement a system to hold each
panel in position after folding. To achieve this, the as-
sembly procedure incorporates L-shaped supports made
from recycled carton material and covered with double-
sided tape. These supports help secure the folded panels
and reinforce the box structure. The robot places these
supports automatically at designated spots along the folds
by using one of the suction cups on the tool, which re-
trieves each support from an ideal dispenser positioned
on the workbench. The robot utilized in this setup is an
ABB GoFa CRB 15000. A set of primitives designed for
folding panels are parameterized with inputs derived from
the simulation to execute the folding process effectively.
This integration ensures that the robot movements align
precisely with the recommendations generated during the
simulation phase.
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Fig. 4. Hardware setup used in our case study

4. IMPLEMENTATION OVERVIEW AND CASE
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The following paragraph detail the implementation of the
proposed method and provide a comprehensive example
that demonstrates its application in a real-world scenario.
First, we describe the technical implementation of the
method, highlighting the steps taken to ensure accurate
modeling, collision evaluation, and sequence extraction.
Subsequently, a complete case study is presented, encom-
passing the hardware setup, the selection of a specific
carton, and the execution of the folding sequence using
the proposed approach.

4.1 Simulation Carton Modeling

The nature of the proposed approach heavily relies on
precise collision control, a critical requirement for ensuring
the feasibility of folding sequences. For this reason, the
implementation was carried out with Unity, a simulation
software capable of handling complex 3D simulations with
detailed control over object interactions. The first phase
of the implementation involves the representation of the
carton, following the framework introduced in Section 3.1.
The data required to fully describe the carton structure
includes the precise positioning of panel centers, the di-
mensions of each panel, and the connectivity relationships
that bind the panels together. This representation lever-
ages the connectivity matrix to account for hereditary de-
pendencies among panels. Additionally, specific elements
that influence the evaluation of collisions are incorporated
into the simulation. These elements include the gripper,
the table, and any supporting fixtures, as they play a
significant role in determining the feasibility of folding
actions. The algorithm uses this information not only to
describe the spatial constraints but also to assess the acces-
sibility of panels during the folding process. For instance,
by incorporating the gripper dimensions, the algorithm
can determine whether to grasp a panel from the inside or
the outside. Key parameters are defined to fine-tune the
collision evaluation process. Among these, the tolerance
angle specifies the granularity of collision checks, deter-
mining how frequently the algorithm evaluates potential
collisions as the folding process transitions from the initial
to the final state of each joint angle. Lastly, the initial and
final angles of the carton panels are provided to describe
their starting and target configurations.

Fig. 5. Representation of the box model used in the use
case, including all necessary parameters

4.2 Case Study

For the use case selected, a simple rectangular box model
was chosen. The selected box has approximate dimensions
of 33 cm in length, 24 cm in width, and 14 cm in height,
with a panel thickness of 0.2 cm. As shown in Fig. 5, the
box is depicted with all the necessary parameters required
to initiate the simulation. The folding objective for this
model focuses on assembling the base and lateral structure
of the box while leaving the top open. This design choice
allows for the potential insertion of items into the box
before completing the final closing sequence.

Experimental Setup The chosen setup significantly influ-
ences the metrics used to select the folding sequence for
implementation. Specifically, the objective was to design a
system capable of folding boxes using a relatively simple
configuration: a single robotic manipulator equipped with
modular fixtures and tools. As can be seen from Fig. 4, the
tool is equipped with two rows of suction cups, which are
essential for handling the carton panels. Each suction cup
is mounted on a spring mechanism, providing flexibility
to ensure a secure grip and maintain contact between
the tool and the panel. The fixtures on the workbench
include two orthogonal aluminum profiles mounted on its
surface to guide the initial positioning of the flat carton.
An additional row of suction cups is mounted above one
of the aluminum profiles. These stabilizing suction cups
are activated as needed to hold panels in place after a
fold has been completed, preventing undesired movement
and maintaining the integrity of the structure during the
folding process.

Since the robot is designed to fold one panel at a time,
it was necessary to implement a system to hold each
panel in position after folding. To achieve this, the as-
sembly procedure incorporates L-shaped supports made
from recycled carton material and covered with double-
sided tape. These supports help secure the folded panels
and reinforce the box structure. The robot places these
supports automatically at designated spots along the folds
by using one of the suction cups on the tool, which re-
trieves each support from an ideal dispenser positioned
on the workbench. The robot utilized in this setup is an
ABB GoFa CRB 15000. A set of primitives designed for
folding panels are parameterized with inputs derived from
the simulation to execute the folding process effectively.
This integration ensures that the robot movements align
precisely with the recommendations generated during the
simulation phase.
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Metrics for Folding Sequence Ranking The primary cri-
terion selected was the minimization of aerial folds. This
was chosen to prioritize stability and repeatability in prac-
tical implementation, especially given that the algorithm
operates without vision feedback. In cases where multiple
sequences resulted in the same number of aerial folds,
a secondary criterion was applied: minimization of the
maximum box dimension during folding. This additional
constraint, using a single robot, helps ensure that no single
dimension of the partially folded carton exceeds the max-
imum distance reachable by the robot, which is limited in
comparison to the fully extended size of the flat carton.

Table 1. First six sequences extracted by the
algorithm with their associated weights

Folding sequence Volume MaxDim NAF

[2, 7, 4, 1, 3, 5, 6] 350052.2 604.0001 2
[2, 7, 4, 1, 3, 6, 5] 350052.2 604.0001 2
[2, 7, 1, 4, 3, 5, 6] 370809.8 594.5001 2
[2, 7, 1, 4, 3, 6, 5] 370809.8 594.5001 2
[2, 1, 7, 4, 3, 5, 6] 422120.9 561.2001 2
[2, 1, 7, 4, 3, 6, 5] 422120.9 561.2001 2

Sequence Results With these criteria in place, the sim-
ulation generated a ranked list of more than 100 valid
folding sequences. This demonstrates the need for clear
guidelines or metrics to suggest which of these sequences
are worth implementing, ensuring their practical feasibility
and alignment with the robot capabilities. The effective
implementation of a sequence on the hardware is verified
if the robot can utilize the sequence of the parametrized
folding primitives without entering into collisions or ex-
ceeding the workspace. Table 1 shows the first 6 ranked
sequences with the related metrics. Having the same num-
ber of aerial folds they have been ordered with respect
to the maximum dimension metrics. By attempting to
implement the sequences one by one, the first five were
found to be not feasible due to fold starting points that
were beyond the robot workspace. The sixth sequence,
however, was feasible and was successfully implemented.
The entire implemented sequence is shown in Fig. 1, start-
ing with the flat box and ending with the final structure
ready for object insertion, demonstrating the feasibility
and reliability of the folding path.

5. CONCLUSIONS AND FUTURE WORKS

The primary objective of this work was the development
of an algorithm capable of identifying and ranking feasible
folding sequences for carton boxes. This algorithm was
designed to address a specific gap in the literature by
offering a flexible and efficient solution that generates
all possible sequences, evaluates their validity through
collision detection, and ranks them according to chosen
criteria to meet hardware constraints. Besides the use case
presented, more extensive validation will be conducted
by extracting quantitative metrics to comprehensively
validate the proposed approach. Specifically, statistical
validation will be performed on multiple box types and
through additional experiments to demonstrate that the
current method consistently identifies a feasible solution
in fewer attempts.
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