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Congratulations! Your paper "Robot Manipulator Applied to Bottle Filling Processes. An qgiﬂmﬂiﬁﬂa J,,:TfEfffus_T:ﬂe,p E—

Approach in the Teaching-Learning Process" has been accepted for oral presentation in the
Future Technologies Conference 2023 to be held from 2-3 November 2023 in San Francisco,

United States. Abstract. In this paper, 2 pesition-based visual servo control scheme for a bettle

} packaging precess usmg the ScorBet-ER-41 robot manipulatar is proposed. The
The Future Technologies Conference presents the best of cument systems research and control scheme considers the eve-te-hand configuration and is based on the kin-
practice, emphasizing innovation and quantified experience. FTC has emerged as a renowned ematic maodel of the manipulatar rebot and the perspective projection madel of
world-wide gathering of academic researchers, Ph.D. and graduate students, top research think the vision camera (Pinhole Model). The proposed scheme was evaluated an a
tanks and industry technology developers. virtual envirooment developed in the Unity3D graphics engme: and experimen-

tally with the ScorBot-ER-4U manipulatar robot and the ZED 1 sterso vision
. . . L L camera. Fmally, it is concluded that the resalts obtained by siomladon and expar-
Each of the manuscripts for this conference was reviewed based on the criteria of onginality, imentally show that the control ermors converze to zere asymphotically.
significance, quality and clarity. We have followed double blind peer review process and each

paper was reviewed by at least three regular PC members or two senior PC members. ) ) ) ) )
Heywords: Virtaal reality, robot manipulator, visual serve contral, ScorBot-

. . . . . . - - ER-41T
Future Technologies Conference proceedings will be published in Springer senes “Lecture
Notes in Networks and Systems” (ISSN: 2367-3370) and submitted for consideration to Scopus,
Web of Science, DBLP, INSPEC, WTI Frankfurt e, zbMATH, SClmago. 1  Imtroduction

You may now proceed with the registration process for publication and presentation of your The world has gone through various challenges, such as wars, natural disasters and
paper at Future Technologies Conference 2023. pandemics [1]. The covid-19 pandemic was declared in March 2020 by the World
Health Organization (WHO), initiating mandatory isolztion due to the significant in-
- - (S hl‘lp 5 iconferen crease in infections and its high risk of mortality, causing the closure of schools [2]. As
Online Registration: Hlsaico ce.comFTC a resalt, the educational system has evolved significantly by leaps and bounds due to
the crisis that has arisen providing various altemnatives by developing multple meth-
ds odologies that contribuated to the teaching-lesming process through the nze of simmla-
ReQar 1 Lecture Notes in Networks to1s 35 Taining systems and preparation of previous knowledge[1], [3]. Therefore, the
Supriya Kapoor and Systems scientific community has developed different technological alternatives focused on
Conference Manager minimizing the affects produced by isolation between students and teachers at differant
Future TEChnDIDgIES Conference 2023 Comouter levels of education. Among the most representative advances is the desizn of educa-
hitps://saiconference.com/FTC 4 el tional applications in virmal realiy enviromments, using the Unreal Engine and
Networks and A . . o . ; )
R o Unity3D graphics engines[4]. The Unity 3D graphics engine created by the company

En Unity Technologies was originally created for the development of video games[2], [5];
Dest quartie however, it is currently used for the development of new applications with focus on the

SJR 2022 ° area of education and robotics[6].
From the area of indnsmial sutemation, the implementation of robotic systems i the
O ‘I 5 mannfacture of different processes is essential, by virme of the siznificant increase n

production snd minimizing the cost, thus achieving a more competitive industry [7].
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BRAZO ROBOTICO
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PLANTEAMIENTO DEL PROBLEMA
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OBJETIVO GENERAL @ESPE

Implementar un esquema de control basado en realimentacion visual
y en la cinematica de movimiento del Robot ScorBot-ER-4U, a fin de

ejecutar tareas autbnomas orientadas al proceso de envasado..




OBJETIVOS ESPECIFICOS

v" Investigar la morfologia y modos de control del Robot ScorBot-ER-4U, con el

proposito de ejecutar tareas industriales.

v" Modelar las caracteristicas cinematicas y restricciones de movimiento del Robot

ScorBot-ER-4U, a fin de implementar algoritmos de control servo visual.

v Implementar estrategias de procesamiento de imagen que permita detectar y

extraer las caracteristicas de imagen de un proceso de envasado.

v Determinar el modelo de proyeccién de perspectiva (Pinhole Model), a fin de
mapear las caracteristicas de imagen del espacio de trabajo 3D al espacio de

imagen 2D.

v’ Desarrollar un simulador 3D que permita implementar y evaluar esquema de

control aplicadas a un Robot ScorBot-ER-4U.
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OBJETIVOS ESPECIFICOS

v Proponer un esquema de control servo visual basado en la cinematica del robot
manipulador, para ejecutar tareas autonomas en un proceso de envasado. El

controlador propuesto debera ser implementado en el Software de Matlab.

v" Implementar el hardware necesario a fin de evaluar experimentalmente el
esquema de control propuesto. Para la evaluacion se considerara el robot
SCORBOT-ER-4U disponible en el Laboratorio de Investigacion en

Automatizacion, Robotica y Sistemas Inteligentes.
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CINEMATICA DIRECTA

220 mm

352mm
13.5mm

_____________________________________

(h, (t) = cos(q,)[a, +a, cos (a,) +a, cos(d, +d,) +d cos(q, +0, +0,)]

h, (t) = sen(a,)[a, + @, cos (q,) +a, c0s(d, + ;) +d5 C0s(d, + 5 +,)]
N, (t) = d, +a,sen(q,) +a;sen(q, + ;) + dssen(d, +d; +4,)

L h(t)=f(q) )

N
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MODELO CINEMATICO e

Cinematica Directa

Modelo Cinematico

e ) -
| d,
hx _Sl (a1 + a2C2 + a3C23 + d5C234) _Cl (33523 + azsz + d58234) _Cl (33823 + d58234) - d55234C1 0 qz
hy = Cl(a1+a3C23+a2C2+d5C234) _Sl(a3823+a282+d55234) _Sl (a3523+d58234) _d5523481 0 U5
hz 0 8,Cp; +8,C, + d5C234 ,Cp3 + d5C234 d5C234 04,
G

R(©)=3(@)a() |
(2)

. . . T
=|h h,..h, | = Vector del Extremo Operativo
q=[6 g,-.d,] = Velocidad de las Articulaciones
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MODELO DE PROYECCION DE PERSPECTIVA O ESEE
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MODELO DE PROYECCION DE PERSPECTIVA = N2
El método utilizado se basa en la triangulacion;
i_(VL_VCL)_(VR _VCR)_(UCL_UL)_(UCR_UR) (3)
Z; B X; B X —b - Yi - Yi

En el espacio cartesiano se considera una relacion geometrica de semejanza de
triangulos donde se obtiene:

(Vv )b ~ (ug —up)b
%= d = (Ve —Ver) Yi= d = (Vg —Ver) (4)

Reduciendo términos en (3) se obtiene:

U —Ug =Ug —Ucg (%)

Si las camaras se encuentran alineadas y el centro optico en la misma posicion
se determina el punto P a través de:

[ X, =g(vL—vCL);yi =g(uCL—uL) ] (6)
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Distancia entre lentes

ssssssssssssssssss
Automatizacion
16 ) Robotica
Sistemas Inteligentes
e



MODELO DE PROYECCION DE PERSPECTIVA O ESEE
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En base a las coordenadas del centro optico del plano de imagen se determina la
distancia focal y la profundidad

b
<OL;2+ZVCL =V]iL ;OR;ZJFZVCR =V]LR : (7)
se obtiene:
V, = %(VCL +gj Vi, = %(VCR +%} (8)
La disparidad entre imagenes se determina:
d = (Vi —Vig) 9)

Se reemplaza (9) en (8) obteniendo la profundidad en funcion de la distancia focal:

fb
=3 o
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ESQUEMA DE CONTROL GESPE

Control servo-visual basado en posicion

d =m h » Ley de Control
“J Cartesiana q
h Estimacionde | & Extraccion de
Posicion Caracteristicas

/

Control servo-visual basado en imagen

‘t, E Camara
d m , Leyde Control en el
plano de la imagen

g
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Grupo de Investigacion
Automatizacion
19 | Robotica
Sistemas Inteligentes
R R R R R R R R R R R R R R R



ESQUEMA DE CONTROL

Control servo-visual basado en posicion

/ Camara §e \
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RED NEURONAL GESPE
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non Max
suppression(NMS)

5¢C lucié Salida multiple en
. onvolucion la misma imagen en

5 SUCCESSIVE un recuadro
1 Convolucién RED NEURONAL
e Filtros MULTICAPA
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RED NEURONAL GESPE

INNOVACION PARA LA EXCELENCIA
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LEY DE CONTROL @ESPE

[qref (t) = J* (T tanh (xh) )+ (1 - J*J ) Qtanh (n)] (11)
) ObjetivoVPrimario - Objetivo gecundario ]
J* e R®® = Matriz pseudoinversa

I'=diag(l',,I',,T",) = Matriz definida positiva de los errores de control

x =diag(x,,x,,x,) = Matriz definida positiva de los errores de control

Q=diag(Q,,9Q,,..Q;) = Matriz definida positiva del espacio nulo

h = Errores de control

Tl(t) :[qm —0; Oy =0, U3q —Us A4 —ds Usg _qs]T e R = ESpaCiO Nulo
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ESTABILIDAD CONTROLADOR CINEMATICO

Ecuacion de Lazo Cerrado:

Robot:

Ley de Control
Qe (t) = 3 (T tanh (ch) ) + (1 - J*J ) Qtanh ()

con ﬁ(t):/hd{t’j—h(t)

Seguimiento perfecto de velocidad J (t)

[ﬁ =T tanh(ﬁ) ]

q(t)

(12)

(13)

(14)




ESTABILIDAD CONTROLADOR CINEMATICO GESPE
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Teoria de Lyapunov - Estabilidad
Candidata de Lyapunov:

V(R)=1RT ()A(t) —— V(R)=R" (t)h(t) (15)

Ecuacion de Lazo Cerrado (ELC)

h=-T tanh (h) (16)

Relacionado la ELC con ﬁ(t)

V(ﬁ):—ﬁTFtanh(zcﬁ) <0 17)
Porlotantosi: I'>0y x>0
limA(t) =0 | (18)
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SIMULACION VIRTUAL

Errores de Control
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SIMULACION VIRTUAL

Acciones de Control
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RESULTADOS EXPERIMENTALES

Camara ZED
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Adquisicion de imagenes del Deteccion de la botella y del
espacio de trabajo extremo operativo




PROCESAMIENTO DE IMAGEN

Posicion de la botella y del extremo operativo
respecto a la camara de vision




EXPERIMENTALES
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EXPERIMENTALES

Video
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EXPERIMENTALES

ERRORES DE CONTROL
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CONCLUSIONES

38

v Se implement6 un control servo visual basado en la posicién para un proceso

de envasado de botellas utilizando el robot manipulador Scorbot-ER-4U. El
esquema de control propuesto considera la configuracion camara para mano,
para determinar la posicion del extremo operativo del robot manipulador y la
posicion de la botella al manipular.

El esquema de control se evalué mediante simulacion y experimentalmente.
Para las pruebas de simulacion, se desarrollo un entorno virtual en el motor
grafico UNITY3D, y por otro lado se realizo pruebas experimentales de
laboratorio con el robot manipulador Scorbot-ER-4U y la cAmara de vision
estereoscopica ZED 2

A partir de las pruebas de simulacion y experimentales, se comprob6 que los
errores de control convergen a cero, segun el analisis de estabilidad realizado
con la teoria de Lyapunov.
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