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Abstract—Peru is considered one of the principal
agroindustrial avocado exporters worldwide. At the beginning of
2022, the volume exported was 8.3% higher than in 2021, so the
design and simulation of a pick and place and palletizing cell for
agro-exporting companies in the Region of La Libertad was
proposed. A methodology was followed that presented a flow
diagram of the design of the cell, considering the size of the
avocado and the dimensions of the box-type packaging. The
forward and inverse kinematics for the Scara T6 and UR10
robots were developed in Matlab according to the Denavit-
Hartenberg algorithm, and 3D CAD, dynamic modeling, and
trajectory calculation were performed in Solidworks using a
"planner algorithm developed in Matlab, which takes into
account the start and end points, maximum speeds, and travel
time of each robot. Then, in CoppeliaSim, the working
environment of the cell and the robots with their respective
configurations are created. Finally, the simulation of trajectories
is performed, describing the expected movement, getting the time
of the finished task was calculated, where the Scara T6 robot had
a working time of 1.18 s and the UR10 of 2.32 s. For 2023 - 2025,
its implementation is proposed in the Camposol Company
located in the district of Chao - La Libertad, considering the
dynamic control of the system.
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I.  INTRODUCTION

In 2022, Peru's non-traditional exports grew up by 19.4%
compared to 2021, with the agricultural sector accounting for
43.7% of this growth, with avocado as the main product, with a
value of 528,727 tons of exported volume [1], [2]. Camposol is
considered as the largest Peruvian agro-exporting company,
with USD 112,645,000 in shipments [3]. Since 2018 the
company developed a strategic expansion plan and purchased
1000 ha in Uruguay [4]. In 2020, Camposol's CEO prioritized
the avocado packing process [5]. Various improvement
proposals for the packaging process are being studied
worldwide. A notable initiative is the development of a 4-
degree-of-freedom fruit sorting robot, based on the evaluation
of both fruit size and color, using advanced digital image
processing techniques. The results have been promising,
achieving sorting times of 11.91 seconds for red tomatoes and
11.76 seconds for green ones. Furthermore, it is highlighted
that the variation in sorting times is linked to the arrangement
of the boxes within the environment. This variability becomes

significant when considering scenarios similar to avocado
packing [6]. In another investigation, a control system for a
palletizing robot is designed using RobotStudio. This study has
demonstrated optimal performance in palletizing tasks using
precise input/output (1/0O) control logic, which ensures high
stability, safety, and efficiency within the simulation
environment. This work leads to the proposal to create a virtual
environment that simulates real-world conditions for the
avocado packing process, elevating it to a TRL5 level [7]. The
derivation of the direct and inverse kinematics of the ABB IBR
140 robot was proposed using Denavit-Hartenberg and (DH)
analysis and analytical geometric approximations, respectively.
The transformation matrices were validated in Matlab and
subsequently simulated in RobotStudio to verify their accuracy
[8]. A methodology based on the Digital Twin (DT) concept
for flexible pick-and-place robotic work cells was also
designed to facilitate the development process by providing
guidance. This proposal leads to the creation of a design
approach for a robotic work cell based on the application of
pick-and-place avocado picking and placing for subsequent
simulation [9]. A packaging algorithm called Jampack was
developed, which has a Failure Recovery Module (FRM) for a
robotic manipulator, allowing the system to reach a faster
completion of the system [10]. Another algorithm implemented
is ResNet-18 for real-time Hass avocado grading, which seeks
to achieve non-invasive grading to reduce damage caused by
handling. After several processing steps, the image acquisition
system achieved an accuracy of 98.72%, a specificity of
98.52%, and a score of 98.08% [11]. However, human-
machine collaboration for these applications is still relevant
and a topic of ongoing research. This has led to another study
aimed at evaluating the avocado harvesting process. After
carrying out 41 different tests, a significant increase in yield,
measured in the loading zone, from 15% to 80% was found.
Also, total harvested production has increased from 23% to
85%, with a minimal increase in human labor load from 1% to
only 16% [12]. On the other hand, a soft humanoid hand
designed to firmly grip a wide variety of objects, regardless of
their morphology, is presented. On this hand, the fingers are
constructed with flexible hybrid pneumatic actuators (FHPA).
Using a theoretical evaluation model, a balance between the
required flexibility and stiffness has been achieved. This
innovation offers fast responsiveness and significant gripping
force, suitable for fruit picking, product packaging, and
handling of fragile objects [13].
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This project contributes to Sustainable Development Goals
8 and 9 set by the United Nations, as they focus on achieving
higher economic productivity through the utilization of
technology and innovation, as well as increasing scientific
research and improving technological capacity in industrial
sectors, particularly in developing countries, by 2030 [14].

Therefore, the increase in demand for avocado exports
poses a challenge if the packaging process is not accelerated,
since currently, both at Camposol and other companies, the
picking and placing of avocados is performed by workers,
resulting in delays in procedures and order deliveries. For this
reason, it is proposed to design and simulate a pick and place
and palletizing cell, where two robots will perform the process
automatically.

The structure of this paper is divided as follows: Section |
contains the introduction, which details both the problem and
its solution. Section Il covers the materials and methods, where
the design is based on a methodology that includes kinematic
and dynamic analysis, trajectory tracking calculations, and
real-time simulation. Section Il presents the results derived
from the simulation of the robotic cell. Finally, Section 1V
consolidates the conclusions and future work of the project.

Il. MATERIALS AND METHODS

The proposed methodology for designing and simulating
the avocado pick and place and palletizing cell, using Matlab
and CoppeliaSim, is shown in Fig. 1.

( DESIGN METHODOLOGY |

Identification of the
design problem

Search for the best

solution
MODEL'NG CONTROL

PATH TRACKING
CALCULATION

KINEMATICS DYNAMICS
)\ 4
‘I\'L\‘I'L."\B'

MOTION

MATLAB
[f\,' CoppeliaSim

Fig. 1. Flow chart for the design of an avocado pick and place and
palletizing cell.
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The cell design consists of two tasks that are performed
sequentially. The first one is performed by an Epson Scara T6
robot, which picks and places the Hass avocado in a cardboard
box (pick and place), using a vacuum suction cup as the final
effector, considering the caliber (weight) of the Hass avocado,
which varies according to the country to be exported [15], as
shown in Table I.

On the other hand, there is a Universal Robots UR10 robot,
which picks up the boxes and groups them in rows and
columns (palletizing), using a four vacuum suction cup holder
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as an end effector, considering the shape, weight, and
distribution of the boxes [16], as shown in Table II.

TABLE I. HASS AvoCcADO EXPORT CALIBER
Avocado Caliber Requirements by Country
Avocado
USA Japan Canada ELLJJrop can Fruit Weight (g)
nion

32 - 12 12 300 — to more

36 18 14 14 300 - 330

40 20 16 16 265 - 300
Hass 48 24 18 18 205 - 265

60 30 20 20 170 - 205

70 - 22 22 150-170

84 - 24 24 120 - 150

TABLE II. Box FEATURES
Recommended Avocado Packaging Features
Type of Box Dimensions Average Weigh Pallet
(mm) (kg)
440 x 338 x 186 11 88 - 96
Cardboard
406 x 254 x 97 4 228 - 264

Plastic 300 x 500 x 150 10 120

A. Forward and Inverse Kinematic Model

The Scara T6 and UR10 robots are 3 DOF (two rotational
and one linear) and 6 DOF (rotational only), respectively [17],
[18]. Moreover, their Cartesian reference systems and the
motion of each joint are shown in Fig. 2 and Fig. 3 [19].

Eq. (1) presents the T, homogeneous transformation
matrix, which expresses the position and orientation of each
robot [20] and [21]. Eq. (2) and (3) represent the basic T and
T transformations, where n is the number of joints.

Joint 3

Joint 1
(Motor 1)

Joint 2
(Motor 2)

Z3 @
[ Y3
Suction -
Cup(Tool) 5 X3

Fig. 2. Cartesian reference system and lengths for the Scara T6 robot.
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Fig. 3. Cartesian reference system and lengths for the UR10 robot.

The Denavit - Hartenberg (D-H) parameters of the Scara
T6 and UR10 robots are shown in Table Il and Table 1V,
respectively [22-24].

TABLE Ill.  D-H PARAMETERS FOR SCARA T6 ROBOT
) Scara T6 Robot

Joint 0 d a a
1 0, 0 a, 0
2 0, 0 a, 0
3 0 —6,—0.083 |0 0

TABLE IV.  D-HPARAMETERS FOR UR10 ROBOT
UR10 Robot

Joint 0 d a a
1 0 L 0 /2
2 qs 0 L, 0
3 qs 0 Ly 0
4 s L, 0 /2
5 qs Lg 0 —m/2
6 Qs Ly 0 0

For the Scara T6 robot by multiplying all the
transformation matrices in equation (2), the resulting matrix is:

N3x O3x Q3 P3x

T = N3y 03, azy P3y (4)
N3z 03, az;, P,
0 0 0 1

Vol. 14, No. 8, 2023

Where the position of the end-effector is described by the
position vector Py, (Psy, Psy, P3,), then:

Py = a0 +a,Cy (5)
Py, = a5, + 445 (6)
P;, = —65—0.083 )

The inverse kinematics for the Scara T6 robot was solved
using the position vector P;,,, obtaining:

6, = 2atan(t,) (8)
#, = atan (iw/ 1-— tzz/tz) 9)
03 = =P, (10)

—2P3y¢11i\/(2P3xa1)2+(2P3y¢11)2—(azz—a12—P3x2—P3y2)2

2 2
a%2-a,12-P3x°—P3,°—2P3xa,

2 2 2 2
_ P3x"+P3y"—a;°-a,

ty (12)

2aqay
On the other hand, for Robot UR10 when multiplying the
transformation matrices of equation (3), the resulting matrix is:

Nex Oex Qex P6x

T = Ney Osy Aoy Poy (13)
Nez 0, Qg Poy
0 0 0 1

Where the position of the end effector is described by the
vector (Pgy, Psy, Psz), then:

Py = Le(S1C5 — C1C234S5) + LySy + LyCiCy + LsCySp34 +

L3C1(C3C5 — S,55) (14)

Pgy = L38,C; — LyCy — Le(C1Cs — S1C334S5) + LsS;S534 +
L38:(C,C5 — 5553) (15)

Pg, = Ly + L3Sy3 + LS, — LsCy3Cs — 3384 — LeSs(C2384 +
S23C4) (16)

The inverse kinematics for the UR10 robot was solved
using the iterative Gauss—Newton algorithm, which seeks to
find the parameter values through an iterative multiplication of
matrices [25, 26]. From the transformation matrix of Eq. (3), it
follows that:

Al =T¢ 17)
A9 = A943A2A434%43 (18)
T¢ (a1, 95 96) = (ADT'TE  (19)
A0 = A ALAZAS (20)
T{(q2, 93, 44) = T (A9 (A5} (21)

Then, the parameters are shown below:

q1 = atan2(Ly, sqrt((Pex — Lsasx)? + (Lesy — Pey)* —

Ly%)) — atan2(Leasy — Pey, Pox — Le@ex) (22)
q, = atan2(ry,r;) — atan2(L3Ss, Ly + L3C3) (23)
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— _ (12412l 157 e T P
q3 = atanZ| |1 ( 20,13 ) ’ 2LyL3 (24)
qs = 4234 —q3 — Q2 (25)

qs = atan2 (sqrt ((nﬁxS1 - nﬁyCl)2 + (06,551 -
OsyC1)2) ) AexS1 — aeyC1) (26)

—06xS11+06yC1 NgxS1—NgyC1
q6—atan2( = - Y

Ss Ss

(27)

G234 = atan2(ng,CsCe — Ag,Ss — 06,C5S6, 06,C6 + Mg, S6)(28)

=

= SqT’t <<Sq1‘t ((P6x - L6a6x + LSOGXCG + L5n6x56)2 +

)\ 2
(Pﬁy — Leagy + L50g,Co + L5n6y56) )) - L42> (29)

Ty = Pg; — LeGg; + L506,C6 + Lsng,Se — Lq (30)

B. Dynamic Model

The dynamic model for the Scara T6 and UR10 robot was
developed using the Newton - Euler formulation, analyzing the
geometric relationships between each link, the position vector
concerning the i-nth system (riOpi), and the center of the mass
vector of element i concerning its system (riOsi) [27,28].

Eq. (31) and (32) allowed obtaining forces and moments
for each elementi = 1,23, ..., n.

fi=Fi+ fisa =mia; + fiq
n; = Nypq + Dixfier + @ + S)xF + N;

(31)
(32)

The physical parameters of each link such as length, mass,
center of mass, and inertia tensor, were calculated using CAD
modeling designed in SolidWorks, as shown in Fig. 4 and Fig.5
[29-31]. The following steps were followed to obtain it:

e 3D modeling of each element of the Scara T6 and UR10
robots using SolidWorks.

e Generate a separate solid model for each robot link,
which should incorporate all significant features,
including the motor, bearings, and any other
components that contribute to the weight of the link.

e Assign the corresponding material to each component
of the robots.

o ldentify the primary coordinate system of each link,
ensuring alignment with the Denavit - Hartenberg
coordinate system. In the event of non-alignment, a new
coordinate system should be introduced. Subsequently,
upon accessing the properties section in SolidWorks, a
summary of the physical property values is displayed,
such as mass, center of mass (riosi), and moment of
inertia of the link relative to the assigned output
coordinate system.

e Finally, use the measurement tool in SolidWorks to
draw lines and obtain the length value and the position
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vector relative to the i-th coordinate system (riopi) of
each link.
PLOLPEEB-D-4

Configuration: Default
Coordinate system: coordinate system 1

e

b coordinate system 1

Density = 0.00 grams per cubic millimeter

IMass =1679.71 gramsl E> Mass

\Volume = 1679707.69 cubic millimeters

Surface area = 163364.50 square millimeters

Cp riosi

Principal axes of inertia and principal moments of inertia: { grams * square millim
Taken at the center of mass.
Ix= 1,00, 0.00, -0.03)
Iy = {0.00, 1.00, 0.00)
Iz= (0,03, 0.00, 1.00)

Center of mass: { millimeters )
X =-177.56

¥=000
Z=1.15

Px = 1986596.98
Py = 18223987.95
Pz = 19548787.60

Moments of inertia: [ grams * square millimeters )
Taken at the center of mass and aligned with the output coordinate system. (Usi

Lix = 1999001.39 Ly = 24.31 iz = 466577.64
Lyx = 24.31 Lyy = 1822398795 lyz= 1.03
Lzx = 466577.64 Lzy = 1.03 Lzz = 19536383.20

Moments of inertia: { grams * square millimeters )
aken at the output coordinate system. [Using positive tensor notation.)
Ixx = 2001225.95 by = -12.39 Ixz = -809798.03
Iyx = -12.33
Izx = -809798.03

Iyy = 71180547.90 Iyz = 127
lzy = 1.27 2z = 72490718.58

U

Inertia
Tensor

hite system 1

oS

*lsometric

Length

riopi =[0.325 0 0]

Fig. 4. Physical properties of scaraT6 robot link 1.
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Iz = [-1,00, 0.00, 0.00}

Px = 9699439.91
Py = 11553649.33
Pz = 11706647.70
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Taken at the center of mass and aligned with the output coordinate system. (Us

Lo = 11706646.25 Lxy = -1013.11 b = -244.37
Ly = -1013.11 Lyy = 10322133.07 Lyz = 875703.59
Lze = -244.37 Lzy = 875703.59 Lzz = 10930957.62

Moments of inertia: [ grams * square millimeters }
Taken at the output coordinate system. (Using positive tensor notation.)

ot = 1254601731 Ixy = -859.73 baz = -399.01
lyx = -859.73 lyy = 10745225.99 lyz = 456031.90
|zx = -399.01 |zy = 456031.90 |zz = 11347235.88

T

riOpi =[0 -0.09 0] G
Inertia
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=I:li::t: E> Length
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Fig. 5. Physical properties of UR10 robot link 1.
Then the torque for each joint is expressed in equation (33):

TZ. 1+ b;q;
R A ¢ )
fi Zi—1 + big;

Where b; is the coefficient of viscous friction of each joint
[32,33].
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The parameters obtained from the links were used for the
dynamic modeling of the Scara T6 and UR10 robots [34 and
[35] which are shown in Table V and Table VI.

TABLE V. PARAMETERS FOR THE DYNAMICS OF THE SCARA T6 ROBOT
Scara T6 Robot
n Length Mass Inertia Tensor riopi riosi
(mm) (kg) (kgm?) (m) (m)
[ 0 0 -0 } [0.325] _0618
1 325 1.68 0 007 0 0
-0 0 007 0 0.001
015 0 -0.15 0.275 _0616
2 275 7.54 0 04 0 0 0126
-015 0 0.265 0 e
[0.006 0 0] [ 0 ] g
3 0.08 0 0.006 0 0
0 0 0 —0.083] | 10246
TABLE VI. PARAMETERS FOR THE DYNAMICS OF THE UR10 RoBOT
UR10 Robot
N | Length Mass Inertia Tensor riopi L
rios m
(mm) | (ko) (kgm?) m | " '0( )
0.013 0 0
190 3.14 [ 0 001 0] [0 09] _()06‘111165
0 001 ' :
[ 028 0 —0.54] 10.613) _0'(3)618-
2 | 613 8.89 0 189 0 0
054 0 162 0 0.17034]
[ 002 0 —0.08 0.572] _0'(3)147—
3| 572 475 0 069 0 0
008 0 163 0 0.05142]
0
0.001 0 0 0
4| 164 0.74 [ 0 0001 o] 0.164 g%'gg;f
0 0 0.01 0 : :
0
0.001 0 0 0
5 | 116 0.74 [ 0 0001 o] —0.12 00600097764
0 0 0.01 0 :
0
0.003 0 0 0
o e oa [0 oos o |1 o | {0007
0 o o0.001l | lo.176] R

From Eq. (31-33) considering b; negligible and replacing
the calculated parameters, the dynamic equations for the Scara
T6 robot were obtained:

Tys = (1.294 + Iy, + 0.181m,y, + 0.601C, +
0.179M,4,C,)qpps + (0.38+1,y, + 0.076m,,, + 0.301C, +

0.08970, C)qpP; — (0.3018,+0.089MS,)qp2” —
(0.061S, + 0.179m,,,.S,)qp:qp, |

(34)

T2,3 =

(0.38 + Iy + 0.076m,y, + 0.301C, +
0.089m,,:C,)qpp, + (0.38 + I,; + 0.076m,,.)qpp, +
(0.301S, + 0.089mM,,,S,)qp; 2

T33 = (Meye + 0.083)(qpp3 +9.81)

(35)
(36)

In the same way, the dynamic equations for the UR10 robot
were obtained by solving Eq. (31), (32), and (33). By resolving
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the dynamics of both robots, the Walker-Orin algorithm
(inverse kinematics) is applied to validate the results and
potentially facilitate dynamic control [36], [37].

C. Path Tracking Calculation

Kinematic control was performed using Matlab software to
develop the desired movements according to the assigned
tasks. The developed algorithm "planner” includes the starting
and braking times of each motor, as well as the maximum
speeds (rad/s) of each robot according to the manufacturer's
data sheet [38, 39], for the planning of a smooth trajectory a 4-
3-4 interpolator was implemented between the start and end
point in the joint coordinates, returning the position, velocity,
and acceleration matrices as a result [40-42].

Taking the initial and final points of the path taken by each
robot (P,,;), and considering their respective orientations
(R, ), the position, velocity, and acceleration graphs were
obtained, as well as their trajectories in the 3D plane, which are
shown in Fig. 6 to 9 [43-45].

Scara Robot - Path Tracking

Axis WayPoints

X 0.600  0.450 0.050 0.150 0.500
v 0.000 | 0.200  0.500 0400 0.050
L -0.083 -0.083 -0.283 -0.830 -0.183

0.5

-
Initial P.
X 0.5 Final P.
Y 0.05

Z-0.183
0.5

Fig. 6. Path tracking in matlab for scara T6 robot.

2 Position Profile Speed Profile {)A::celeraﬁon Profile

I
' i
B | 150]| I| .
15 \ ol | | I
( |I| 100[{ || ||_
- | =
| o 1
= 10 % sl ||| 8 Sﬂr' il
B M s B . HJ'
= |l ® f = LTRAN
2 [ = | s MM
I N g LU = 1 ‘ H|
4 o5 \ = H = 1l
. \ @ \_( \ II' ‘I { g 50t 1 ‘ II .‘I' |._| g
[ | II [ 'I| <
| | | ':I |'| | | |
| | ' VY| e {] ] |
[/ H 1
N I ° I I I
|| || asof ||
|
\ IlI |
-0.5 - ; -10 ; ; -200 - ;
0 05 1 0 05 1 0 05 1
Time (seg) Time (seg) Time (seg)

Fig. 7. Trajectory plot in matlab for scara T6 robot.
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UR10 Robot - Path Tracking

Axis WayPoints
Initial P.
1 5~| - X | 04757 L1150 0900 0.026
X 01757 Y |-0.1639 -0.164 -0.364 -0.870
Z | 13902 -0.288 0.065 -0.447

Y -0.1639
Z 1.3902

Fig. 8. Path tracking in matlab for UR10 robot.
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Fig. 9. Trajectory plot in matlab for UR10 robot.

D. Pick and Place and Palletizing Cell Simulation

The data of the joint positions obtained with the kinematic
control were saved in matrices called "math_scara" and
"math_urlQ" respectively, to perform a real simulation in the
CoppeliaSim environment [46], [47].

Facilities of the agro-exporting company Camposol were
replicated using equipment such as crates, protective
enclosures, smooth and roller conveyors provided by
CoppeliaSim, along with those designed in SolidWorks,
including the SCARA T6 and UR10 robots and the avocado
(48], [49]

The designs generated in SolidWorks were then saved in
URDF format, including their respective reference systems
following the Denavit-Hartenberg method, to enable their
visualization in the CoppeliaSim simulation environment to
create a highly realistic virtual environment [50-52].
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The SolidWorks URDF CAD files of the Scara T6 and
UR10 robots were imported into CoppeliaSim, with the
relevant parameters for real-time simulation, such as maximum
torque (Nm) and maximum speed (°/s), being configured based
on the manufacturer's datasheet. This process is illustrated in
Fig. 10 [53-55].

Avocado Robotic Cell

Seane hierschy
@ Avocado Ronolic Cell (scene 1)
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Apgly to salactan
andboxScriptiinto] Simulat

Fig. 10. Creation of the working environment and configuration of the Scara
T6 y UR10 robots.

IIl. TESTS AND RESULTS

Fig.11 shows the Scara T6 robot picking up the avocado,
starting from its resting position (a), and then placed in a
cardboard box (b), at a maximum speed of 1500 °/s in its
rotational joints and of 10 m/s in its prismatic joint, with a
cycle time of 0.49 s. The task is performed until 20 Hass
avocados of 22 — 24 calibers are placed in each box (c), then
the suction cup type tool is activated, taking the box to the
pallet to be grouped in three rows and three columns (d), at a
maximum speed of 120 °/s for the base and shoulder joints,
180 °/s for the elbow and wrist, with a cycle time of 0.5 s. The
task is executed up to palletizing 90 boxes.

Fig. 11. Simulation in CoppeliaSim for scara T6 and UR10 robots.

The cell movements for pick and place and palletizing were
simulated in CoppeliaSim. Table VII shows the working time
of each path for both robots. A total working time of 1.18 s was
obtained for the Scara T6 robot and 2.32 s for the UR10 robot.
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For maximum range position [n/2 rad/s, ©/2 rad/s, 0.2 m]
for the Scara T6 robot and [0, 0, 0, 0, 0, 0, 0, 0] rad/s for the
UR10, the maximum torques [360.70, 146.30, 0.376] Nm and
[62.88, 116.20, 40.56, 9.25, 6.73, 4.34] Nm was obtained for
each joint of both robots, as shown in Fig. 12.

TABLE VII. WORKING TIME IN EACH STATION
Working Time
Path Scara T6 Robot UR10 Robot
(s) ()

1-2 0.20 1.22
2-3 0.36 0.40
3-4 0.36 0.70
4-5 0.26 -

TOTAL 1.18 2.32

Scara T6 Torque Profile UR10 Torque Profile
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Fig. 12. Torque plot in simulink for scara T6 y UR10 robots.

IVV. CONCLUSIONS AND FUTURE WORK

The mathematical models obtained using the Denavit-
Hartenberg algorithm of the Scara T6 and UR10 robots were
validated with the inverse kinematics tests developed in
Matlab, and the models describing the inverse Newton Euler
dynamics of the Scara T6 and UR10 robots were validated with
the forward dynamics of Walker Orin developed in Matlab.
With the "planner” algorithm developed, it was possible to
follow the waypoints with smooth movements in each of the
joints of the Scara T6 and UR10 robot, as evidenced in the
graphs of the positioning, velocity, and acceleration profiles
obtained. This significantly influences the accurate execution
of pick and place as well as palletizing tasks assigned to the
robots within the simulation environment.

The movements and constraints of the global simulation in
CoppeliaSim allowed us to get efficient results for the serial
work of the Scara T6 robot and the UR10 in the pick and place
and palletizing cell with a cycle time of 3.5 s. According to the
torque graphs obtained with Simulink, the maximum values for
the Scara T6 robot and the UR10 robot showed a minimum
difference of 3.06 % and 2.35 %, respectively, concerning the
manufacturer's datasheet that was input in the dynamic
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configurations of each joint in CoppeliaSim for each robot.
This set of actions, in turn, leads to a significant reduction in
the time required for the avocado packing process compared to
human labor. This is especially relevant since more human
personnel would be needed to achieve equivalent performance.

During 2023 — 2025, it is proposed to implement the pick
and place tasks in a palletizing cell at the Camposol company
located in the district of the Chao, La Libertad region,
including a dynamic controller for both robots. In addition, this
work not only complements previous research but also opens
the door to the possibility of replicating this same application at
an industrial level throughout South America and in countries
that also produce and export avocados. This allows for the
potential to export avocados on a large scale. Thus, meeting
increased demand would no longer be an unattainable
challenge.
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