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Abstract

Today, due to the increase of industrial automation, the need to design and
manufacture automated devices with high capabilities in the fish and aquaculture
industries is felt obviously. Considering the importance of trout consumption in the
food basket ash increasing the production efficiency with high quality, designing and
developing the systems with higher capabilities compared to previous types is essential.
Due to the slippery skin of the fish and the low friction coefficient, it is difficult to
control the fish while processing. Since the fish processing operation is done step by
step, in addition to providing fish stability, it is necessary that the grippers enable
simultaneous operations along the system. Therefore, an automatic system with the
ability of belly cutting, beheading, gutting and cleaning stages on different trout sizes is
designed and manufactured based on the fish dimensions and cutting point extraction
using machine vision. To reach the optimal system, the final model was simulated in
Adams software. By performing the simulation, all the necessary forces and torques of
the motors and pneumatic jacks were extracted at three input rates of four, seven and
10 fish per minute. To enable the system to process the fish in all capacitiestong
and pneumatic jacks were selected based on the maximum working capacity. Under
these conditions, the maximum required force to provide this speed calculated as
332.45 N. Also in the belly cutting subsystem, the required torque for the stepper motor
resulted in 1.72.145 Nm. The maximum required torque for the gutting stepper motor
was calculated as 0.69 Nm in tested processing capacities (4, 7, and 10 fish per
minute). The maximum required force of the cleaning jack resulted in 38.76 N. In order
to extract the cutting points, the position of the fish fins was extracted by machine
vision. To justify the processing methodtire fin detection stage the identification of
the fin regions resulted in 86.54%, 99.96% and 99.87 for sensitivity, specéiuity
total accuracy, respectively. By correcting the possible errors, the cutting points (fins)
were identified in all fish samples. The controlling algorithm was written in TIA portal
software compiled on the programmable logic control (PLC). Thus, thacted data

was sent to the controlling unit using the TCP/IP protocol for precise fish processing.

Keywords: trout; fish cleaning machine; image processing; fish processing;

machine automation
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Resumen

La clasificacion y procesado de pescado empleando maquinas automaticas reduce
costes e incrementa el volumen de procesado. Después de su llegada a los mercados de
distribucion mayorista y minorista, el tamafio de los ejemplares suele ser muy variado para
la mayoria de las especies (trucha, caballa, dorada, lubina, etc.). Debido a ello, la limpieza
y corte de pescado se realiza habitualmente de forma manual. Este proceso involucra
diferentes pasos y a menudo se corta en funciéon de la demanda del usueaioezd sin

visceras, sin cabeza ni visceras, fileteado, etc.

Combinando diferentes elementos tecnoldgicos, hoy en dia es posible el desarrollo de
sistemas automaticos capaces de mejorar los procesos de corte de pescado y el nUmero de
unidades procesadaBn cambio, las maquinas automaticas existentes actualmente son
muy complejas y costosas, estando Unicamente al alcance de las grandes empresas. La
disponibilidad de maquinas autométicas en los pequefios mercados o comercio minorista
facilitar4 el procesadde pescado que se sirve a los clientes, reduciendo el tiempo de
espera para el cliente, con mayor calidad en el producto entregado y facilitando el consumo
de pescado para la poblacion.

Debido a la piel escurridiza del pescado, que posee urcteficiente de friccion, la
sujecion del pescado para la ejecucion de los procesos de corte y limpieza es una labor que
debe realizarse cuidadosamente y con sistemas de agarre especificamente disefiados. Este
sistema de agarre debe sujetar el pescado ardo lde todo el proceso y permitir la
actuacion de las diferentes herramientas, asi como permitir el agarre de piezas de diferente
tamano. Este trabajo realiza la investigacion necesaria para el adecuado procesamiento de

la trucha Oncorhynchus mykisg)erteneciente a la familia de los salménidos

Para permitir que la maquina propuesta se adapte a diferentes tamafios en las piezas de
pescado, es necesario un sistema de vision artificial junto con los adecuados algoritmos
para obtener las medidas fisioléagcde cada pieza y asi poder establecer los puntos de
actuacion de las herramientas de corte y limpieza. El analisis del pescado se realiza en
movimiento mientras éste circula por la maquina, siendo analizado antes de su llegada al
primer punto de corte pa poder realizar su aplicacion en los puntos extraidos por el

algoritmo.



Adicionalmente, todo el proceso debe ser controlado por un sistema integral de
automatizacion. El sistema sera responsable de sincronizar el sistema de vision, el
algoritmo de extramon de puntos caracteristicos, la actuacion de los elementos de corte y
limpieza, asi como de gestionar los sistemas de seguridad para evitar que el operario pueda

dafiarse durante el manejo de la maquina.
1.1.Objetivos

El principal objetivo de esta Tesis Dol es el de disefiar, fabricar y evaluar una
maquina automética para la limpieza y corte de truchas. La investigacion se llevara a cabo
en diferentes campos, con el objetivo de alcanzar los siguientes resultados:

1. Disefar y fabricar todos los elementos érmecos del Sistema, incluyendo el
chasis, pinzas, elementos de corte y limpieza.

2. Disefio de elementos eléctricos y programacion de los equipos de automatizacion
para el control del sistema de vision artificial y las herramientas de corte y
limpieza.

3. Desarrdlar un algoritmo para adquirir, procesar y extraer los puntos de actuacion
de las herramientas en funcion de las caracteristicas morfoldgicas de cada pieza de
pescado.

4. Evaluar el correcto funcionamiento de los algoritmos y sistemas de corte y
limpieza. Seemplearan elementos comparativos para establecer la precisién del
sistema desarrollado.

5. Evaluar el tiempo de respuesta de los algoritmos para establecer una valoracion de
la velocidad maxima de procesado de pescado en funcién de la velocidad de los
sistenas de actuacién mecanica y el tiempo necesario por el algoritmo para obtener
los puntos caracteristicos.

6. Evaluar la calidad final del pescado procesado, con especial atenciéon en la
adecuada eliminacion de los elementos indeseados (cabeza, viscerad, @mpa
en la reduccién al maximo en la eliminacion de zonas utiles habitualmente

comestibles y que en caso de eliminarse causarian pérdidas indeseadas.

De forma general, la maquina propuesta consiste en las siguientes partes y

subsistemas:



1. Camara de visidy cAmara oscura para control de iluminacién en la adquisicién de
imagenes.

2. Disefio del chasis de la maquina, en acero inoxidable para las partes en contacto
con el agua y zonas humedas, y en acero pintado para el resto de la estructura.
Sistema de transpe individualizado de piezas con el empleo de pinzas de agarre.

4. Sistema de corte y limpieza de visceras, compuesto del sistema rotativo de corte y
su motor eléctrico de giro, sistema de motor paso a paso para el control preciso de
movimiento, y elementasecanicos necesarios.

5. Sistema de corte de cabeza, con sistema neumatico, cuchillas rotativas y sus
elementos mecanicos.

6. Sistema de limpieza del pescado. Tras el corte, es necesaria la limpieza para
eliminar restos de partes no deseadas que puedan hatdadqu

7. Sistemas de eliminacion de las partes cortadas y extraidas del pescado, utilizando
sistemas de succion por aire y aplicacion de agua para limpieza.

8. Disefio del sistema neumatico necesario para los elementos que funcionan con aire
comprimido.

9. Elements de automatizacion y control para el funcionamiento sincronizado de la

maquina.

A lo largo de este documento se detallan todos los elementos disefiados, céalculos que
apoyan la validez de las propuestas, y su verificacibn experimental tanto a nivel

mecanico eléctrico y algoritmico.
1.2. Metodologia

El proceso investigativo de esta Tesis Doctoral se ha dividido en funcion de los
elementos que deben componer la maquina, partiendo de un analisis morfolégico de la
especie de pescado a la que se destinara su uslmajtrivna vez realizado el analisis, se
obtienen las necesidades de la maquina a disefar y, por tanto, se procedera a la definicion

de los elementos necesarios y al desarrollo pormenorizado de cada una de las partes.
1.2.1.Analisis inicial de muestras.

Se tomd una muestra de 97 piezas de trucha de modo que fuesen lo mas variadas en



peso, tamafio y forma. Asi, las muestras varian entre 262 g y 622 g, con promedio y
desviacion estandar de 421,88+78,04 g.

El chasis de la maquina fue disefiado en funcion siellementos que debe soportar
para el procesado del pescado segun la propuesta realizada en este trabajo. Este chasis se
fabricé con tubos cuadrados de acero de 40x40 mm (grosor de 2 mm), y acero inoxidable
para los elementos mas cercanos a la actuaciie sbpescado y en contacto méas directo
con el agua. Se disefio un chasis de 2.8 m de longitud, 0.85 m de altura y 0.7 m de anchura.
En la parte inferior del chasis se ubican las poleas de transporte para el canal de circulacion
de las piezas de pescadw;luyendo estabilizadores y elementos de ajuste fino para que el
canal de transporte esté ajustado y con un funcionamiento suave longitudinal y transversal,

permitiendo asimismo ligeras correcciones en caso de desajuste.

Una vez establecidos los paramstde disefio y ya construidas algunas partes de la
maquina (previamente disefiadas en el software CATIA), se emplearon 100 piezas de
pescado para verificar el adecuado funcionamiento del canal de transporte. Las piezas de
pescado se colocaron en el canaf@ma de V con el pecho hacia arriba para verificar el
sistema de arrastre. Tras la verificacion, algunos elementos fueron redisefiados y ajustados
(cadena de transporte, tamafo de pifiones, poleas). Es necesario considerar que la pieza de
pescado debe cirlar a través de las diferentes etapas de proceso, correctamente sujeta y
sin interferir la accion de estos elementos moviles de procesado (corte y limpieza de
determinadas zonas en la pieza de pescado). Por ello, se decidi6 realizar el agarre de la
pieza @ pescado por la cola. El sistema de transporte consta principalmente de las

siguientes partes:

1. Pinza de agarre de pescado.
2. Canal de transporte de pescado que incluye las pinzas de agarre distribuidas a lo

largo de la misma.

La longitud del canal o cintde transporte se disefio teniendo en cuenta el tamafio de
los elementos de actuacion (subsistemas de proceso) y la cantidad de piezas por minuto
que es posible procesar, de modo que cada uno de los procesos pueda actuar
simultAneamente sobre diferentes psen® pescado. La distancia entre dos pinzas se

disefid6 de modo que fuese mayor que el tamafio maximo de pieza (en su longitud); en

4



concreto, cinco pinzas se distribuyen a lo largo del canal de transporte. El canal de
transporte es rotativo, arrastrando uiezg cuando circula por la parte superior (avance) y
vacio en su circulaciéon por la parte inferior para agarrar una nueva pieza cuando comienza
de nuevo su circulacion por la parte superior. En este momento, las pinzas de agarre se
cierran para sujetar ungieza de pescado por su cola y desplazarla para aplicar los
diferentes pasos de proceso: adquisicion de ima&genes para obtencion de puntos de

actuacion, corte de estbmago, corte de cabeza, extraccion de visceras, etc.
1.3.Disefio mecéanico

1.3.1.Subsistemade corte en vientre

La principal funcion de este subsistema es la realizacion de una incision longitudinal

en el vientre del pescado, comenzando en la aleta anal y terminando en la aleta pectoral.
1.3.2.Subsistema de corte de cabeza

Dado que la pieza de pesoagista continuamente en movimiento, el sistema de corte
de cabeza se disefia de modo que el corte sea preciso, rapido, y sincronizado con el
movimiento del pescado sobre la cinta de transporte. Para ello, se ha disefiado un sistema
neumatico que permite un@pida actuacion (subida/bajada) del cortador, variable en
funcién de la velocidad de la cinta de transporte de piezas. El disefio analiza la velocidad
de funcionamiento.

Se proponen y analizan dos disefios de corte de cabeza:

1. Cuchilla en forma de V para pedaplicar suficiente fuerza que produzca el corte
de cabeza por presion, sin necesidad de giro de las mismas.

2. Dos cuchillas rotativas girando en direccion opuesta y en forma de V también, de
modo que no es necesaria una gran fuerza de actuacién puedatitiia el corte.

Para el disefio de las cuchillas, se considera un grosor suficiente de las mismas para
soportar las fuerzas ejercidas durante el corte, pero también deben ser afiladas para un

corte limpio y preciso. Para el sistema rotativo, se zeraliliferentes velocidades de giro.



1.3.3.Subsistema de extraccion destdbmagg intestinos y visceras

El objetivo de esta etapa de procesado es la extraccion de las partes no comestibles del
pescado: estbmago, visceras, tripas, etc. Dado que en una etapa ynteioealizé una
incision en esta parte, la extraccion se realiza mediante unos tubos de succion que
contactan con el pescado en esta zona. En concreto, este sistema se ha disefiado con varios
tubos de succion que actian sobre el pescado mediante unpastoa paso en funcion
del tamafo de éste (previamente determinado a través del sistema de vision). Con el giro
del motor en sentido horario, se acciona un tubo estrecho, y un tubo méas grande para
piezas de mayor tamafio, con el accionamiento del sisgarsantido antihorario. Ello es
posible con un disefio de pifidn y engranajes que se describe en detalle. En el momento en
el que un sensor detecta el tubo de succion cerca de la pieza, se activan las véalvulas de aire

de modo que se produzca la succién deelementos extraidos del pescado.

Este disefio permite evitar posibles dafios de los tubos de succién sobre las zonas utiles
del pescado que idealmente deben permanecer sin dafiarse. Ademas, para evitar colision
con el pescado, el tubo que no actla se prsaie modo que no colisione con el pescado.
Este disefio permite emplear un Unico motor para ambos tubos, reduciendo costes y

complejidad del sistema.
1.3.4.Subsistema de limpieza dé cavidad visceral

Este sistema tiene como objetivo la eliminacion de ressagnales y el material que
pueda haber quedado adherido a la espina del pescado. En funcion de la longitud del
pescado y mas concretamente, del tamafio entre la aleta anal y pectoral, el tiempo de

actuacion de esta herramienta sobre el pescado es variable.

1.4.Simulacion, analisis cinético y estimacion de fuerzas realizadas por

los motores y dispositivos mecanicos

Una vez realizado el disefio mecanico es necesaria la eleccion de los motores y
elementos neumaticos. Para ello, se calculan las fuerzas que detrtar dop elementos
de la maquina, y mas concretamente, las fuerza que debe realizar cada motor para asi poder

seleccionar su potencia. También se realiza un estudio sobre la velocidad de giro necesaria



para cada motor.

Dado que existen numerosas piezagas fuerzas interaccionan entre ellas, el proceso
puede resultar complejo. Inicialmente se define el peso de cada pieza y se estiman las
velocidades relativas entre ellas para calcular numéricamente las fuerzas de accion y
reaccion. Este calculo se hacasitomplejo cuantas mas piezas estan relacionadas entre si,
con lo que se analizan unos casos con un numero reducido de elementos relacionados entre
si. Para mejorar la estimacion de fuerzas se hace uso del software Adams 2017 que permite
el disefio dinamiz de sistemas multipieza y proporciona estimaciones para el sistema en
su conjunto. Para llevar a cabo la simulacion es necesario importar el disefio desde CATIA
y definir cuidadosamente cada una de las piezas asi como los rangos de movimiento, peso,
y en g¢neral, las condiciones de trabajo de la maquina, tanto rotacionales como

traslacionales.

Para cada subsistema se consideran cuatro etapas en su ciclo de movimientos,
definiendo todos los pardmetros para cada una de ellas. Ademas, es necesario dansiderar
sincronizacion de los elementos, de modo que cada subsistema debe operar a una velocidad
especifica en funcion de la velocidad del canal de transporte de pescado. Con ello, se
determinaron los valores de par (torque), velocidad rotacional, aceleraciirsymo de
energia para cada motor presente en la maquina. Como limite méximo de operacion de la

maquina, se fijo el valor de 10 piezas por minuto.

1.5.Vision artificial para determinacién de puntos de operacion de

herramientas

1.5.1.Analisis previo

Para determinaios algoritmos necesarios a implementar en la maquina, inicialmente
se realiz6 un analisis sin movimiento sobre un primer conjunto de piezas indicado
anteriormente. Se simularon las condiciones de iluminacién y distancia focal que se darian
en el sistemdinal. Se utiliza un fondo blanco para que la imagen del pescado se pueda

extraer mas facilmente.

En primer lugar, es necesario extraer la imagen del pescado de forma correcta pues de



ello depende la deteccion de los puntos de actuacion. Especialment&i@pes la zona

del pecho y vientre del pescado dado que contiene colores mas claros y puede generar
confusiéon con el fondo. Una vez analizadas las caracteristicas de la imagen obtenida y la
diferencia entre los pixeles correspondientes al pescadooyraldfo , se toma en
del espacio de color ORGB®6 como el m8s ade
entre el fondo y la pieza de pescado. La discriminacion se realiza mediante un umbral de

intensidad de este canal.

Para mejorar la velocidad dagoritmo, la imagen se reduce a un tamafio de3=b
pixeles mediante un proceso de recortado y redimensionado. Esta reduccion de tamafio no
muestra pérdida de precision en la deteccion de los puntos de actuacién que se deben

detectar.

El siguiente paso cwmiste la binarizacién de la imagen basada en el umbral del canal
60B6 indicado anteriormente, obteniendo una
preprocesado es el de un rectandutél (longitud y altura) ajustado a las dimensiones de
la pieza aalizada. De este modo, el algoritmo de computacion sélo debe actuar sobre el
conjunto de pixeles de este rectangulo, reduciendo asi la carga computacional para obtener

un resultado en el menor tiempo posible.

Dado que los puntos a obtener se encuentrda parte delantera de la pieza (cabeza,
aletas anal y pectoral), la mitad de la imagen correspondiente a la parte trasera o es
necesario analizarla. Por tanto, el primer paso consiste en la deteccion de la parte delantera
y trasera. Aunque todas las piezieben ir colocadas con la misma orientacion, se analiza
la imagen para comprobar en qué parte de la imagen se sitda la mitad delantera de la pieza.
El principal criterio para obtener este paso se basa en la intensidad en escala de grises
puesto que la pee trasera contiene mayores zonas oscuras. Asi, la mitad que contiene un
valor medio con mayor intensidad de gris (mas oscuro) se considera que es la parte trasera

del pescado.

El siguiente paso es la deteccion de la posicion de las aletas dado queicara ios
puntos de actuacion de las herramientas. Para ello, se realiza un proceso de segmentacién
de la imagen para acotar las areas donde se encuentra cada una de ellas. Finalmente,

utilizando de nuevo el canal cionBRlé lasdresimase s pac i



Este proceso requiere de diferentes pasos de procesado de la imagen para correccion de la
orientacion, correccion de pixeles aislados y otras operaciones para optimizar la deteccion.

Para validar el método propuesto, se realiza unsamnds de | a Ot de st
varianza (ANOVA). El an8lisis de o6t de stud
significativas entre | as 8reas detectadas c

gue existe una diferencia significativa entnebas. El anélisis ANOVA se realiza sobre la

intensidad media de |l as zonas de | a i magen

En un total de 97 piezas de pescado (338 aletas), la posicion de cada una de las aletas
fue manualmente asignada y posteriormente comparadé quusicion indicada por el
algoritmo. Se obtienen los pardmetros habituales para determinar la bondad del algoritmo

como sensibilidad, especificidad y precision.
1.5.2.Analisis de imagen en maquina

Una vez establecidos los principales parametros y etapascsado necesarias para
la correcta deteccion de los puntos de actuacion de las herramientas, basados en la
deteccidn de las aletas, se realiza un analisis mas detallado para las condiciones reales de
funcionamiento en la maquina, con adquisicién y pra@simultdneo para obtener un
resultado que sea posible trasladar al sistema de control con un tiempo de antelacién
suficiente como para que los sistemas de actuacion sobre el pescado puedan actuar en

funcién de los valores obtenidos.

Enestecaso,seempl una c8mar a Bas34ecrUSB3mae80e9600 o6daA
1.2 MP6, con una |l ente Evetar O0-MoUWUBBO29gD20)\
asegura una distancia focal adecuada para capturar la pieza de pescado al completo
(independientemente del tamafld misma). Dado que esta lente es de campo extendido,
se producen distorsiones en los extremos, por lo que se debe realizar una calibracion y
posterior compensacion que ajuste la imagen. Un parametro importante para la camara es

la capacidad de captunan alto numero de imagenes por segundo.

Durante las pruebas iniciales, se utilizd un umbral constante para la segmentacion y
establecimiento de criterios de clasificacion de zonas de la imagen. En este caso, dadas las

multiples caracteristicas en el colbe la piel de la trucha, se detecto la incapacidad de
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detectar correctamente las aletas para determinadas piezas de pescado y el color blanco de
fondo. El color de fondo debe ser adecuado para todos los algoritmos involucrados en el
procesado de imagendado que determinados algoritmos funcionan bien en funcion del
color, por lo que resulté necesario encontrar el color mas adecuado para todos ellos. Se
realizé un estudio del color de fondo teniendo en cuenta los materiales usados
habitualmente en el sectde la alimentacion debido a las restricciones sanitarias, y se
encontré que el color azul permite obtener los mejores resultados de clasificacion para

diferentes tipos de coloracién en la piel de la trucha.

La eleccion de este color de fondo impuso lacadcion de la iluminacion y la
modificacién de los algoritmos inicialmente propuestos. Se incluyd una plancha de
plexigldas azul para realizar una iluminacion trasera (backlight). Se analizo
exhaustivamente las zonas de las aletas que se desean detiectdo ten cuenta maltiples
piezas con variaciones de color de la aleta. Con estas condiciones, se obtiene que el canal
de color O6R®6 del espacio ORGBO proporciona

Para reducir el nimero de imagenes a analizar por el sistema de,cgdcuicluye un
sensor para detectar la posicion del pescado que circula por el canal de transporte que
dispara la adquisicién de una imagen. Ubicando el sensor en la posicion donde la cola del
pescado alcanza el final de la capsula de iluminacién, gerasgue todo el pescado esta
en su interior y la imagen capturada contiene el pescado en su totalidad, listo para ser

analizado.

Respecto de las etapas de procesado, primeramente se obtiene el rectangulo donde se
inscribe el pescado, descartando el rdstimagen para su posterior analisis, y se extrae el
canal OR6 de |l a i magen ORGBO. Segui dament e,
i magen ORGB® para obtener un fondo negro.
obtiene a través de la detecciém ld aleta pectoral situada junta a ésta. Asi, la posicidén
exacta de corte sera establecida en la zona de contacto entre la aleta pectoral y las agallas
(branquias). Se analiza también la obtencion del punto de corte a través de la obtencion del
arco que drman las agallas, pero se obtiene menor precision dadas las variantes de piezas

de pescado analizadas.
Para la obtencion del punto de corte y actuacion sobre la zona de vientre y visceras es

10



necesario realizar modificaciones sobre los algoritmos incidédido a la posicion del
pescado sobre el canal de transporte y el modo en que la imagen del pescado es obtenida.
Dado que el canal de transporte tiene forma de V, el pescado queda orientado de modo
vertical en lugar de lateral, quedando en la imagemdaas de color mas claro (zona del

vientre, es decir, zona inferior del pescado).

En este caso, | os canales de color ORO6 vy
aletas anal y pectoral, respectivamente. El empleo de dos canales de colotedifene
cada aleta es debido al color de fondo y la iluminacién, dado que la luz impacta de modo
diferente en cada aleta, lo que hace que sea un canal de color diferente el que proporcione

mejor deteccion.
1.6. Sistemaautomatico de control

Los componentes elgomecéanicos de la maquina se han disefiado teniendo en cuenta
las consideraciones de disefio mecanico y actuacion de cada subsistema sobre las piezas de
pescado. Ademas, se disefia un sistema de control que incluye un interfaz de usuario y
todos los sensorasecesarios para la correcta deteccion de posicion y actuacion para el
corte y limpieza del pescado. Se emplean botones de inicio/paro, interruptores de seguridad
para evitar posibles dafios personales en caso de invasion de las zona de peligro, sensores
inductivos y magnéticos para detectar el paso de los mecanismos por determinadas zona
gue permitan secuenciar la actuacion por parte del programa de control, y el sistema de
automatizacion basado en autémata programable (PLC). El sistema de control incluye
ademas todos los elementos de alimentacion eléctrica y sus protecciones para el correcto

funcionamiento de cada uno de los equipos eléctricos de la maquina.

La programacion del PLC se estructura en tres partes principales: inicializacion de la
maquina parasegurar la correcta posicion de todas las partes de la maquina tras un paro
de emergencia o arranque de la maquina, modo manual para poder mover los equipos de la
maquina de forma individual, y funcionamiento automatico donde los equipos de la
magquina sortontrolados en funcion del andlisis de imagen realizado. EI PLC empleado es

de la familia S71200 de Siemens programado mediante el software TIA Portal.

El proceso automatico de automatizacion comienza en el momento en que una de las
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pinzas del canal deansporte agarra una pieza de pescado, arrastrandolo por la misma.
Cuando la pinza alcanza la posicion de un sensor inductivo situado al final de la cipula de
imagen, se dispara el sistema de vision para adquirir una imagen de la pieza de pescado. Se
ejecua el algoritmo de procesado de imagen y se obtienen los puntos de actuacion de las
herramientas. Se coloca un sensor inductivo en la posicion en que debe actuar cada una de
las herramientas para detectar la pinza que agarra el pescado, lo que da laicio a
actuacion de la herramienta correspondiente sobre pieza, en funcién de las posiciones
obtenidas por el sistema de vision. En caso de no haber pieza de pescado agarrada por las
pinzas, el sistema de vision lo detecta y no se ordena ninguna activacitas de

herramientas.

Dado el tamafio de la maquina, un maximo de tres piezas de pescado pueden ser
procesadas simultaneamente. Para ello, se definen tres bloques de datos donde se almacena
la informacion sobre los datos de actuacién de cada herramientaaparpieza. Estos
datos se organizan en forma de pila FIFO, eliminando los datos de la pieza procesada para

dar paso a los de una nueva pieza entrante.
1.6.1.Automatizacion del sistema de incision en el vientre

Una vez que el detector inductivo se activa paelzania de las pinzas de agarre de la
pieza de pescado, se inicia la actuacion de la herramienta de corte sobre el vientre. Un
motor paso a paso gira para hacer descender un brazo mecénico con una cuchilla en su
extremo que se introduce en la zona dehire durante el tiempo estimado por el PLC en
funcion del tamafio de la pieza reportado por el sistema de vision, haciendo girar el motor
en sentido contrario para levantar el brazo nuevamente. Este brazo dispone de un sensor de
limite de recorrido para @ar que el avance del brazo exceda el limite mecanico en caso
de una medida incorrecta. También dispone de otro sensor de posicion inicial (de reposo)
para asegurar la posicion desde la que comienza el recorrido. Al tratarse de un motor paso
a paso es pdsde controlar la posicion del brazo de forma precisa.

1.6.2.Automatizacion del sistema de corte de cabeza

Dado el tamafio y peso del sistema de corte de la cabeza, éste se controla mediante un

sistema neumatico que mueve el sistema de cuchillas hacia la pieza de pescado tras la
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activacion de aire a presion (S0 x 250S). En este caso no es necesario contellar

avance de la herramienta ya que ésta debe insertarse completamente para todas las piezas
de pescado hasta un limite establecido por un sensor magnético (AIRTAE)CS1
adecuadamente ubicado en el sistema de corte. En cambio, si es necesario edtablecer e
momento exacto en el que debe actuar este sistema, en funcion del tamafio de la pieza de
pescado. Esta informacioén es proporcionada por el PLC en funcién de los datos obtenido

por el algoritmo de vision.

Por tanto, una vez que las cuchillas han cortadabl@za, ésta se separa del resto de la
pieza de forma inmediata debido al avance continuo de la cinta de transporte. El sistema
neumatico se contrae nuevamente hasta su posicion de reposo y se cierra el flujo de aire

comprimido para reducir el consumogegando preparado para la siguiente pieza.
1.6.3.Automatizacion del sistema dextraccion de estbmago y visceras

Para el control preciso de este proceso se emplea un motor paso a paso. Tal y como se
obtuvo a través del software de simulacion dindmica Adamténgia requerida es de
7,5 Nm. Se emplea un sistema de engranajes de reduccién que aumenta al par del motor
reduciendo la velocidad de giro. Dado que en este caso la velocidad de giro es reducida, se
incluye una caja reductora de 1:18 y se emplea un mdet®8 Nm. El motor gira en un
sentido u otro segun sea necesario hacer actuar el sistema de succién grande o pequefio.
Tal y como se describid en la etapa de disefio, existen dos sistemas de succioén en funcién
del tamafio de la pieza, por ello, segun laitd establecida por el sistema de vision, si la
pieza es menor de 275 mm, el sistema de succién de menores dimensiones es el que actula,
y viceversa. Por otro lado, la profundidad de penetracion del sistema de succion depende

de la pieza y los valores @ntidos por el algoritmo de visién.

Al igual que en el resto de herramientas y etapas, existen detectores de final de carrera
para evitar desplazamientos anémalos o0 excesos en la actuacién de los tubos de succion

gue puedan dafar la pieza de pescado hansdevible.
1.6.4.Automatizacion del sistema de limpieza dia cavidad ventral

En este punto, la herramienta consiste en un cepillo rotativo controlado por un equipo

13



neumatico y sus correspondientes sensores. Esta herramienta actia en funcién de la

longitud dela pieza.

1.6.5.Comunicacion entre el sistemade vision artificial y sistema de

automatizacion

El software Matlab y las libreacorrespondientes se empiepara el calculo del
algoritmo de vision artificial y la comunicacion con la camara de vision y ehsstle
automatizacion. En ambos casos, se emplea Ethernet (TCP/IP) para la comunicacién entre
dispositivos. En el caso de la camara, ésta es el servidor y el PC es el cliente. Para el caso
del PLC, el PC es el servidor y el PLC el cliente. Tras la ejecwbé algoritmo de
analisis de la imagen de la pieza de pescado, cuatro datos principales son transferido al

PLC para el control de las herramientas:

1. Longitud del pescado desde las pinzas (cola) hasta la cabeza.

2. Distancia entre las pinzas (cola) hastaaleta anal que marca el inicio de la
actuacion de la herramienta de corte del vientre.

3. Distancia entre las pinzas (cola) y la aleta pectoral que marca el punto de corte de
la cabeza.

4. Profundidad de penetracion para las herramientas de corte de vieetsugctbn

de visceras. Este valor es funcion del grosor de la pieza.

Como se indico anteriormente, estos datos se almacenan en el PLC de forma
individualizada para cada pieza, manteniendo los datos para cada una de las tres piezas que
la maquina puede presar en paralelo. El sistema de control debe asegurar que para cada
herramienta de proceso se lee el valor correspondiente a la pieza de pescado que sobre la

gue se actua.
1.7.Resultados

Para un correcto disefio de la maquina, cada etapa de desarrollo igadniestha
requerido del analisis de los resultados obtenidos por las herramientas de simulacion, tanto

a nivel estatico y dinamico como a nivel mecanico y electronico/informético.

Los resultados de simulacion han permitido el adecuado disefio y dimemigiotwade
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cada uno de los componentes de la maquina. Posteriormente, los resultados se han validado

de forma experimental con la maquina de prototipo construida.

Los resultados experimentales muestran que las herramientas funcionan de forma
adecuada paraealizar las funciones requeridas y las potencias de los motores y los
sistemas de deteccion de pieza funcionan correctamente. Se han realizado pruebas de
velocidad para comprobar que la maquina es capaz de procesar el maximo de piezas de
pescado para lapie ha sido disefiada (diez piezas por minuto), verificando que la maquina
es capaz de realizar las operaciones de corte, extraccion y limpieza en los puntos
determinados mediante el sistema de vision artificial. Se analizan diferentes piezas de

pescado comariadas dimensiones para evaluar el funcionamiento.
1.8.Conclusiones

La inclusién de procesos automatizados en las actividades humanas es una realidad.
Este trabajo ha desarrollado su investigacion en los sistemas automatizados para la
limpieza de pescadoarea que habitualmente se realiza de forma manual, excepto para
grandes industrias con maquinaria muy costosa. La investigacion realizada, a través de la
combinacion de sistemas mecéanicos y electronicos (mecatrénicos) ha permitido el disefio
de una maquinde pequefias dimensiones con alta capacidad de procesado de pescado y

calidad en los resultados obtenidos.

Se han disefiado, modelado, simulado y finalmente construido todos los elementos de
la maquina, desde el agarre del pescado empleando unas pinzasreesggecialmente
disefiadas para evitar deslizamientos en superficies de baja friccibn como la piel del
pescado, hasta la obtencion del pescado limpio de visceras y cabeza, pasando por etapas

intermedias de corte y extraccion de las partes del pescéidurae

El sistema realizado permite el ajuste automatico de las herramientas de limpieza y
corte en funcién del tamafio del pescado gracias a la inclusion de un sistema de visién
artificial que analiza individualmente cada pescado, obtiene sus car@cterdstravés de
algoritmos de vision e inteligencia artificial, y proporciona los datos dimensionales para
gue las herramientas de actuacion, controladas electronicamente, se posicionen de forma

adecuada segun las dimensiones del pescado a procesar.
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El sistema procesa en paralelo diferentes pescados a través de un disefio basados en
estaciones de procesado: andlisis de imagen, corte de vientre, corte de cabeza, extraccion

de visceras y limpieza de cavidad visceral.

Cada una de las estaciones de procesadsidw simulada a nivel mecanico y
electronico para obtener las fuerzas que se ejerceran y asi poder adecuar el disefio de las
partes mecanicas con la adecuada resistencia, asi como el disefio de las partes electronicas
con la potencia de los motores que oolah el movimiento. El sistema de vision artificial
se ha diseflado para obtener el mejor contraste de la pieza de pescado y poder realizar una
deteccion adecuada de los puntos singulares de la pieza de pescado (posicion de aletas,
dimensiones, etc.), sah investigado diferentes métodos en posicién del pescado respecto
de la camara de imagen, iluminacion, éptica, etc.), algoritmos de imagen y clasificadores

de imagen. Para ello, se han generado bases de datos de pescado para su analisis.

Ademas de las irestigaciones realizadas, se preveé seguir investigando en nuevas areas
gue permitan seguir optimizando el sistema, en concreto, se plantean las siguientes

actividades:

Utilizar sistemas de identificacion de pescado en lugar de analisis de imagen.

2. Disefia ymodelar una estacién adicional para el fileteado del pescado y extraccion
de espina.

3. Aumentar la capacidad de procesado de pescado (mayor numero de piezas por
minuto).

4. Investigar nuevas técnicas de corte para el fileteado y cabeza, asi como el agarre de
la pieza por la cabeza en lugar de la cola.

5. Eliminacion de la estacion final de limpieza si el sistema de fileteado se incorpora.
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Summary

Fish sorting with the sorter systems will reduce costs as well as increase production
rate and efficiency. Aftesorting the fish, it is time to supply them in markets. In small and
large fish centers, highly demanded fish species are usually available in different sizes. The
fish are generally opting based on the size, and it is cleaned on the customer's request.
Usually, in fish supply stores as well as aquaculture processing plants, cleaning the fish
involves some cleaning steps, or all the cleaning steps are done In the case of non
processed fresh fish, some prefer gutted fish; others opt for gutted and bebegagdn
fillets. It should be noted that trout scales are finer compared to other species, and it can be

processed without scaling.

Due to the broad automation in industry, the need to design and manufacture
automated devices with high capabilities lie fish and aquatic processing industries is of
great importance. Because of the importance of fish consumption in the food basket and
the need to use automatic industrial devices to increase efficiency and improve the quality
of fish processing, the neetd design and develop systems with higher capabilities
compared to the current models are essential. In fish processing factories and fish supply

stores, it is necessary to stabilize the fish for any cleaning operations properly.

Due to the slippery skinfothe fish and the low coefficient of friction, it is usually
challenging to control. If we want to clean the fish with a high capacity, the fish must pass

in front of the cleaning tools, and the desired operation can be performed on the fish at any
stage.Since the fish processing operation is done step by step, the gripper must meet
proper stabilization and convenience of processing arms. Regarding the high price of fish
cleaning systems and also the limited capabilities of the available systems, awi#vice

the ability to perform the steps of belly cutting, beheading, gutting, and cleaning the fish
was designed and fabricated. Besides, since the customers choose their desired weight, the
system with the accurate visual unit can facilitate the clearfitigpat fish with different

dimensions.

The image processing system was applied to measure the size of the fish. In this
system, as the fish is passing in front of the video camera, a frame is saved, and the related

cutting points are extracted for furth@mocesses. To prevent any contact between cleaning
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parts with the conveyer grippers, we developed an automatic controlling algorithm to
control the system operators to satisfy the safety of the system operation in different

cleaning stages.
2.1.0bjectives

The main purpose of this dissertation is to design, fabricate, and evaluate a trout head
and belly cutting and cleaningystem, whichis expected to achieve the following sub

objectives:

1. Designing and fabricating the mechanical part of the system, ingltlde main body,

grippers, beheading, and gutting subsystems.
2. Implementation of electrical and controlling parts of the system

3. Providing an algorithm in order to properly identifying and detecting the trout together

with defining fish length and witl, cutting points, and cutting lengths.

4. Evaluating the accuracy of the developed algorithm to determine the appropriate head

and belly cutting points to compare with the actual points.

5. Implementing the online of the controlling and image processougyithm evaluating

the system process.

6. Qualitative evaluation of the processed fish and visual and quantitative assessment of the

cleaned fish in terms of proper cutting of the head to prevent fillet loss.
In general, this device consists of thedaling parts and subsets:
1- Image processing case and a digital camera.

2- The main chassis of tha#evice, whichis the combination of stainless steel (in wet

parts) and painted steel.
3- Fish carrier subset (grippers)

4- Belly cutting subsets: a 0.25 hp AC electromotor, stainless steel arm carrying rotary
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shafts, belt and pulley, motor shaft and blade shaft, rotary cutting blade with a diameter of
100 mm and a thickness of 1.5 mm, stepper motor, power screw connetttedstepper

motor and the nut connected the cutting arm.

5- Head cutting subset: a pneumatic jack, two ribbed rotary blades installed in the
angle of 90 degrees with opposite revolution, two air motors for rotary blades, a small
frame carrying the movingomponents, and a set of wagons and guide rails used to guide

the entire assembly in the vertical direction.

6- Gutting subsystem: one stepper motor with a mounted gear, two rack gears, two
suction tubes with different diameters for small and large fistd, aaset of wagons and
guide rails to move the rack gears in the vertical direction.

7- Belly cleaner subset consisting of a 0.25 hp AC electromotor, stainless steel arm
carrying rotary shafts, belt and pulley, motor shaft and blade shaft, rotary cleasker b

with a diameter of 125 mm, and pneumatic jack.
8- Pneumatic system.

9- Controlling and transferring system the send the command to the motors and driving

arms of the device

In the followingsections the designed system, all calculations, and system fabrication
are explained. The initial evaluation was required to design the device to obtain basic
information on trout.Therefore a number of fistunits were applied to get the primary

data.
2.2.Initial samples(before starting the fabricating of thedevice).

In this study, in the first stage and before fabricating the device, 97 samples of salmon
from 262 g to 622 g witlan average weight of 421.88 +@8.kg with the total weight of
36.5 kg were considereth the second stag&00 trout samples were selected in the fish
marketing center. Unlike the initial stage, the fish were placed insidslaped canal; so
that the back of the fish was placed inside the canal with its chest upimattus first step,
the initial model was designead CATIA software and thestructure of the machine was
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fabricated. Then some necessary parts such as conveyor chains and gears were provided.
By entering the exact dimensions of these parts in the software, other paesdefite

were designed and the other steps were done in the samelavdgbricate the main
chassis of the system, we applied 40 x 40 mm steel with a thickness of 2 mm was used. In
the construction of the internal parts of the chassis, especially thehzdrtse in contact

with water, the stainless steel part and profiles were applied.

To enable different fish processing steps in this system, we considered the dimensions
of the chassis 2.8 m in length, 0.85 m in height, and a width of 0.7 m. Underathe
chassis of the device, carrier wheels with stabilizing bases were considered, so in addition
to easy movement of the device, the longitudinal and transverse alignment of the system is
possible. One of the most critical points in designing a systemtiag ability to perform
different trout processing stages is to consider a place in the fish body. It does not interfere
with cutting and cleaning tools during the various stages of cleaning. Therefore, the tail of

the fish was selected as the appropraiea.

The fish carrier subsystem consists of four main parts:

1- Fish grippers

2- Gripper guides and fish guiding canal

Using the grippers suggested in this dissertation, it is possible to perform different
steps of fish processing in an integragdtem. To increase the capacity of the system
(number of fish per minute), we considered a balance between the length of the system and
the number of grippers so that with the maximum number of the grippers in the conveyor
length, a sufficient space prold for the system operators. Therefore, in this design, five

sets of grippers were considered.
2.3.Mechanical design

2.3.1.Belly cutting subsystem

The function of this subsystem is to make a longitudinal incision in the trout belly

from the beginning of the anahfio the pectoral fin.
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2.3.2.Head cutting subsets

Like other designed parts of the system, including the main chassis, the fish head
cutting subsystem was also designed in CATIA software. Since the fish is moving along
the system, it is necessary to provide best head cutting condition. In order to have a
proper cut, a precise, fast cut can provide the cutting condiioerefore,a pneumatic
jack was applied to carry the cutter subset. As mentioned before, when the grippers reach
the beginning of the guidails, the fingers contact the rails and the fishtail stocks between
the gripper clamps. In this condition, any clamped trout is pulled along the system.
Therefore, to define the system processing capacity (fish per minute), it is necessary to
determine tk optimal working speed. By knowing the linear velocity of the conveyor, the
penetration velocity of the cutting blade will be investigated. In fact, the speed at which the
cutting blade approaches the fish is directly related to the fish transferring. Spee
different types of blades have been studied for trout head cutting:

1-6V6 shaped cutting blade by applying suff

2- Two rotary cutting blades without extra force on the fish (two reciprogatiogary

In order to have dast and accurate cut, it is desired to select the blade as thick as
possible, but since but these blades are subjected to vertical forces, it is necessary to the
tradeoff between blade thicknesses and quality of the head cut. In order to select the air
motors, we tested head cutting with a typical air motor with 1800 rpm. The results showed
that although the head can be cut without any stock in the motor, a higher speed is required
to have the desired cut. By testing different motors, an air motorawitbating speed of
2500 rpm resulted in a proper cut.

2.3.3.Gutting subsystem

In this subset, as the fish reaches the gutting position, the stepper motor is activated by
receiving the start command from the control unit and rotates in clockwise and
counterclockwise directions depending on fish size. In case the size of the fish is
determined as small by the machine vision section, the narrower tube enters the fish belly.
In fact, the stepper motor is rotated counterclockwise, and due to the engagement of the
pinion with the rack gear, the set of sliders together with the suctionmtabe toward the

fish. As the suction pipe gets closer to the fish belly in a vertical direction, the valve in the
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entrance of the suction pipe hits the barrier, causing the suction valve to open. It should be
noted that due to the suction in the suctigres, it is necessary to close all the valves in a
neutral position (noiflunctioning position), so the suction process can be done through the

relevant pipe.

Since different sizes of trout will be processed in this machine, using a big tube to
clean smailfish will collide the fillet and bones and affect the final product quality or stack
in the middle of the process line. Therefore, to avoid this problem, two different suction
pipes have been applied. The function of the gutting subsystem is suchntteapfahe
suction pipes get closer to the fish, the other pipe raises so that preventing from any contact
with the grippers. In fact, using this design instead of using two separate stepper motors for

each of the suction pipes reduced the cost and coityptdesign and manufacturing.
2.3.4.Belly cleanersubsystem

This subset is designed and built to clean the inside of the fish belly and remove any
material attached to the fish spine. When the fish reaches the cleaning position, the
command is transferred tine pneumatic jack from the control unit and performs the
cleaning operation by lowering the jadkhe time duration in which the pneumatic jack is
extended mode is directly related to the fish length. As the fish passes in front of the

cleaning stationhie jack retracts to the initial position.

2.4.Devicesimulation, kinetic analysis and extraction of forces and

torques of motors and jacks

After designing the system in CATJAt was necessary to choose the motors and
pneumatic jacks. Therefore, it is required to calculate the required torque and rotational
speed of stepper motors and the force and speed of pneumatic jacks. The simplest method
is to design all the parts and filke their weights to calculate the forces using the
conventional method and numerical calculations. This method is applicable when the
dynamic parameters are calculated for a single part or, in some cases, the limited number
of parts within the relatiorlJsing this method to determine accurate inertia reaction forces
in a multibody system faces a significant challenge unless the problem is simplified.

Therefore, to have closer results to the real operating conditions and reduce the numerical
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calculations ad increase output accuracy, the designed system in Catia software was
imported to Adams 2017 software and simulated for dynamic analyses. After importing the
designed model into Adams software, the first step is to nominate the parts. The related
constrants were assigned for all the parts, and any possible errors were solved. At the next
step, the associated motions for the moving parts were considered For this purpose, a
rotational motion was considered for the stepper motor's hinge in the belly canting
gutting subsystems. Likewise, for the linear moving parts, pneumatic jacks, and suction

tubes the linear constraints were considered.

Therefore, foumovement steps were considered for each of the four operators of the
device based on the movement tianed rotational and linear speeds. Each pair of steps
was considered for each operatordés round tr
start runs based on the written step function. Since the linear velocity of the fish varies in
different feedng capacities, it is necessary to bring the cutting arm closer to the fish
concerning linear transmission speed. It should be mentioned that the belly cutting time at
which the arm is in cutting position is also concerning the fish transfer speed. loratiit
determining motor torque, rotational speed, acceleration, and energy consumption were
extracted. Finally, the maximum torque required for system functioning at a capacity of 10
fish per minute was selected to determine stepper motor charactensticgh belly

cutting and gutting subsystems.
2.5.Machine vision

2.5.1.0ffline processing

Image segmentation is one of the significant steps of image processing that directly
influences other postegmentation processes. This fact imposes a specific image
processingrocedure; otherwise, the fish will be inappropriately segmented from the white
backgroundSince, in some cases, the area near the trout chest and belly had similar pixel
intensity values to those of the white background, the trout region was not aynplet
segmented using this methdédnally, t he channel 0B6 of the ORG
high contrast between the pixel intensity values of the trout and the background providing
the best results. Finally, a threshold intensity value of 150 was skketbe initial step in

the segmentation process.
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This image was converted to a 736x351 matrix after resizing and cropping,
considering a tradeff between the image quality and processing time. As the dimension
of the initial image matrix is large, wesiged the images to an optimized size regarding
the balance between acceptable reduced image quality (preserve any required small objects
like pelvic fins and their color features) and the computation time gets more significant in
fast realtime systems.n the next step, the resized images were converted into binary
i mages: the pixels with intensity values | o
the rest were considered as 0006 (bl ack). Fi

from the bacround and a bounding box with the final dimension was assigned.

The extracted dimensions (length and width) are applied in the image processing

algorithm as stated in the following:

(1) The image was cropped in two different steps to reduce the coropatdtiad. In
the first step, the initial image was resized, and a wide margin of the image was cropped to
remove a significant part of the background. In the next step, the image was cropped based
on the second bounding bbkeawedttvi oh OWé. | e

(2) Defining two lines from 10% of the length on both sides and further seven lines

between these two lines.

(3) Defining two lines from 1/15 of the length of the fish from both sides along its
length and further 45 lines between thixses.

(4) Defining structure element as equal to the 0.001% of trout bounding box area.

By determining the central line, the images were divided into two parts to discard the
back side of the fish. These parts were analyzed to identify the belly andidaskby
comparing the gray intensity values of both parts. Since the color near the trout belly is
lighter than its back, the part with greater mean gray intensity value is considered the belly
side. One of the parts including the trout fins were furtinded into two partsThis was
done by determining the horizontal lines and connecting their center points similar to the
initial line determination process. Since the new shear is a narrower area containing the
fins, more horizontal lines were considgn@ the second fin detection stage. At the next

stage the channel 6B6 of the RGB color spac
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all fin segmentation errors were removed to have successful cutting point determination.
Any corrections in fin segantation including extra object removing, filling the holes and

other morphological operation were applied.

Two further analyses were conductedvierify t he channel 060B6 perfo
segmentation:-test and analysis of variance (ANOVA). The&stis applied to compare
the most significant difference between two groups of data. In this case, it is desired that
the difference between the mean intensity values of the fins and the correspondiimg non
area results in highenalues. This shows thatdre is a significant difference between the
fin and nonfin region which facilitates fin segmentation. The analysis of variance
(ANOVA) is applied among the mean intensity values of the segmented fins in all the
sampl es. I n this mehowsdhe |eastdiferende bednedn thé ldan v a | U
intensity values of the fins. In order to determine the capability of the image processing
algorithm for fin determination, 97 fish images (a total of 388 fins) were selected. The
position of each fin was manllyaannotated and compared with the region obtained by the
algorithm. Three common statistical parameters including Sensitivity, Specificity, and

Accuracy were used to describe the performance of the offline image processing algorithm.
2.5.2.0nline processing

As described in the offline image processing section, the proper operation of the
machine depends on the precise cutting point determination resulting in proper cut with the
least fillet loss. At the next step, the images were examined online. In omchgttoe the
images, an online video camera (Basler, daA1280c, USB3, 1280 x 960, 1.2 MP) was
applied. To cover the total fish length considering the distance between the camera and the
fish, a wide view lens (Evetar Lens M118B029520W F2.0, f 2.95mm8"1/$Mount)
was applied. Since this camera will be applied in an online system, we need a higher frame
rate to guarantee an explicit image. In order to get the fish images, three frames were saved
from each snapshot based on the input numBerce, in his study, a fisheye lens is
applied to cover the total length of the biggest tried fish sample, it is necessary to remove
any distortion from the initial image. Thus a checkerboard page with a square dimension of
21 mm was applied. In order to calibrakes tcamera, 17 images were captured from the
checkerboard in different positions.
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In the offline stagea constant value considered as a trout segmentation criterion.
Considering the diversities in trout color, they justified that the Otsu method could not
segment the fish from the white background (for sanitary restrictions) because of the little
nuance between the background and trout belly. It should be noted that choosing lighter
backgrounds facilitates the segmentation process in darker regions ¢tHeeid, and back
part), but segmenting the whole target was performed using manually assigned intensity
value. Since, in this study, different species of fish with different colors are processed, it is
impossible to segment all the samples in the whitkdpr@und. Therefore, it is essential to
select a background in which all species are easily segmented. By proposing a new method
for fish transfer, the contact between the fish and any conveyer is resolved, so it is possible
to select various colors in theckground. After conducting different trial and error, the

pure blue color was selected for fish segmentation.

Among all fish species, the skin color is so light that the light background is not a
proper option. Therefore, choosing a darker backgroumd scdve the segmentation
process in these species, but it causes the problem in the species with dark skin unless the
dar ker background intensity is so close or
background seems to be a proper option It is cledrttie pixel intensity values of the
black background are distinct enough for lighter fish segmentation, but considering the
intensity values of the background and the trout body, especially at the darker parts of its
back and the fins, the segmentationgass will face a great challenge in numerous fish
samplesSince the mean intensity value of the fins in channel R is higher among the three
color channels of RGB color space, by selecting this channel, the most significant
difference between the backgrmland the fins is accomplished. The easiest way to create
a pure blue background is to use a blue color behind the fish. One of the challenges to
reach a pure blue background is changing the background brightness in opposite
illumination. The light genetad by the opposite LED lights brightens the blue
background, which results in an impure color. Therefore a blue Plexiglas with a backlight

illumination was considered in online stage.

Since one frame will be saved for further process in the online syatsmapshot is
captured as the tail reaches the end of the imaging case. In this condition, the total length

of the fish is exposed in front of the camera vision, and it can ensure a complete image
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with total body length in all samples. At the next sthp, frames are processed for fish
segmentation. Before segmenting the fish, it is necessary to crop the images based on the
defined bounding box to cover the maximum length and width of the fish. Therefore, a
320x320 bounding box was applied to cut th&éahimage in which the processing task

and time decreasedt the next step, channel R of the RGB color space is applied to
segment the fish sample from the background. As mentioned above, in this color space, the
difference between the fish and the grckind is distinct enough to segment almost all the

fish species from the background properly.

To perform the second phase of segmentation (segmentation of fins from fish), the
color image was masked on the binary image; so that by matching binary acmlahe
images, the pixels of the color image with the corresponding indices in the binary image
wi t h t he006isadnwered todd and the rest of the pixels remained constant.
Therefore, the color image of trout will be obtained on a black backdyaumch will be
used to extract the characteristics of the fins. To find the head cutting point in trout fish,
the most significant region is to segment gleetoralfin near the head. The joint point of
the fin with the gill is the exact position to diie headAnother option is finding the gill
arc in trout fish, but since there is no significant intensity difference in this region, the
pectoralfin was considered the head cutting point. Therefore, if the pectoral fin is properly
segmented, the begimg of this fin will be considered the exact head cutting position. It
must be noted that in some fish species, the gill arc has distinct contrast with the body so

that it can be easily segmented to identify the head cutting point.

One of the main objectigeof this study is to extract the belly cutting area, belly
cutting length, and the head cutting position. All of these dimensions are extracted by
image processing and will be the basis of the trout processing system operation. In the
offline step, sinc¢he fish is placed on its side, a line was drawn from the center of the fish
to omit the backside of the trout, but in the online stage, as the fish is transferred inside the
V-shaped canal, the majority of the dark area in trout back is placed inscentieand is
easily discarded from machine vision process. It should be noted that in this conldgion
area in trout back is removed and further unnecessary areas are omitted, so the accurate
and simple fin segmentation will be achieved. Therefore agpgrthe narrowest shear

covering the fins can guarantee an accurate fin segmentation process and subsequently an

27



accurate machine performance.

The method of separating this shear is different from the offline stage. In the offline
stage, a primary linés used to separate the fish into two parts, the belly, and the back
sides, and in the second stage, the secondary line divides the belly part into two other parts
so the final shear serves as a target for fin segmentation, but in the online stagshafter fi
segmentation, the edge along the belly was applied to separate the belly shear. To segment
the fins, the color image mask of channel R and B were used to identify the anal and
pectoral fins, respectively. The reason for using two different color cleaim#éie online
stage is the effect of blue backlight on the anal fin. In this case the amount of blue color in
the anal fin color will increase and result in high intensity values. Therefore, the channel R

and B were considered to segmentation the ambpantoral fins, respectively.
2.6.Controlling section

This section includes start/stop switches, emergency disconnect switch, alarm, and
sensors, computer, and any required control components. Inductive and magnetic sensors
were used to control operators and stepper motors movements. Because the movement of
the device arms in each of the work steps requires unique control, the device control
algorithm was written in three parts: initial setup, manual operation, and online automatic
function. To develop the controlling algorithm, Tia Portal software weasl At the initial
startup stageit is essential to considéine homing rouine to return the operating arms to
the home position. This algorithm is also applied while the main power supply of the
device is cut off, or the operator presses the emergencyrbdttdh the initial setup of the
device and returning the arms to their initial position, the machine will be ready to process
the fish. In the next step, by pressing the start pushbutton of the motors, the electro motors

of the rotary cutter, cleaner biysand suction pump are turned on.

By reaching each gripper to the feeding position, the trout tail is caught by the clamps
and transferred along the machine. When the gripper passes in front of the inductive sensor
of the machine vision section, one frame is saved and processed in tlaey pftirout
segmentation from background) and secondary (fin segmentation and cutting point
extraction) image processing steps. Since inductive sensors are applied in each of the five

subsets (machine Vision, belly cutting, head cutting, gutting, and rfganbsets), in case
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there is no fish in the gripper, the dimensions extracted by machine vision will be
calcul ated as n0"', and the system operators
number three fish are simultaneously processed in the totdlimealength, a set of data

receiving a block for three different fish were created. In fact, by reaching the second fish

to the machine vision unit, the first fish is still in the middle of the processing stage, so any

new data without considering a datgding block will erase the previous sample data.

Upon the availability of the data, each fish sample will be cleaned based on the relevant

data. Different types of controllers can be used for system controlling such as
microcontrollers and programmablegio controllers (PLC). Therefore, while PLCs are

applied in the systems it is necessary to adapt the PLC output voltage with the required

voltage for the operators like stepper motors and their drives.
2.6.1.Belly cutting subsystem

After capturing the image araktracting the required dimensions in the machine vision
section, the fish continues the path toward the inductive sensor in the belly cutting
subsystem. As soon as the metallic shaft of the gripper reaches the sensor, the start
command is sent to the pgger motor. As the stepper motor starts, the belly cutting arm
descends towards the fish, and the blade enters the trout belly and penetrates the fish as it
rotates counterclockwise (in front view). At the end of the cut, the stepper motor rotates in

the everse direction and returns to its initial position.

As soon as the fish arrives at the belly cutting position, the stepper motor starts its
rotation. In case there is incorrect data for any fish sample which exceeds a defined range
of the arm, the cuttomp arm reaches the down sensor and returns to the home position. In
fact, the expected performance of this section is to create a longitudinal cut on the fish
belly based on the specified length and depth, but if the arm exceeds the specified path, it
iS necessary to avoid any contact with the channel and grippers. Therefore, by activating
the lower sensor, the return command is sent to the stepper motor and returns to the initial
position. As the arm moves upward and reaches the upper induction senaam 8teps,

and the homing process is updategure8-4 shows the details of the belly cutting subset
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2.6.2.Head cutting subsystem

As the head cutting ssfgstem contain multiple components moving together to cut the
head in vertical direction, a pneumatic jack {SCx 250S) was used to move the head
cutting subset. According to calculations based on the speed and displacement of rotary
blade, a magneticeasor was applied fomit the moving path. As soon as the inductive
sensor is activated by reaching the fish to the head cutting position, the air motors start
working and continue spinning until the trout head is completely removed. Meanwhile,
after a @lay (depending on the size of the fish and the position of the pectoral fin), the
piston extract and the rotating blades separate the fish head as moving downwards. As
soon as the blade terminates the cutting process, the magnetic sensor sends thi@rermina
signal to the control unit, and subsequently, the retracting command is sent to the
pneumatic jack and rotary blades. The air motors stop working after 2 seconds to avoid

high air consumption by the motors.
2.6.3.Gutting subsystem

In this section, based dhe calculations performed by Adams software, the maximum
amount of required torque for the stepper motor is calculated as 7.5 Nm. Since the motor is
expected to provide the required torque at low spinning speeds, the stepper motor is
equipped with a 1:18earbox (Vexta model PK243A3G18 Six wires with a torque of 0.8
Nm) was applied. After cutting the head, the fish reaches the position of the gutting
subsystem. At this station, the belly content is evacuated based on the fish dimension. So,
two suctionpipes have been applied for the small (less than 275) and big fish samples. As
the narrow suction tube descends, the bigger pipe rises upward, and the belly content is

evacuated.

In this section, an inductive sensor is used to detect the presence bf &ddition, a
stepper motor with a gearbox and two sensors are used to control the displacement of the
suction pipesThe suction tubes return to the home position by starting the system. This
function is the same as the machine emergency stop functiddimgg functioning arms
and moving parts are in their home position, the device is ready for use. By passing the fish
through the headutting subset and reaching the gutting sensor, the suction operation is

performed based on thetdaent from the contranit. Depending on the calculated data in
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the machine vision section, the penetration depth will be different. As soon as the sensor
sends the signal to the control unit, the time delay and cutting time is assigned to the

corresponding fish.

When the disharge tube enters the trout belly, all the contents are evacuated while the
fish pass in front of the suction tubes. As soon as the fish gutting is performed, the stepper
motor spins in the reverse direction and the tubes return to the home positiongAlthe
algorithm is developed properly to have a successful operation, in some cases if the tube
exceeds the defined path, the indicator installed in the suction tubes approaches the left
sensor. So the stepper motor rotates in the opposite directioretamds to the home
position. Besides the course controlling sensors in this subsystem, physical guards were

considered to control the moving course.
2.6.4.Cleaning subsystem

By continuing the path in the V channel and reaching the end of the machine, the fish
is cleaned using a rotary brush. At this station, as the fish is sensed by the sensor, the
cleaner subset is activated and sends the necessary command to the control unit. The
applied controlling components in this section are the pneumatic jack, sot=rdidl
valve, and magnetic sensor. Depending on the trout size, the arm descends toward the fish
and performs the cleaning operation. The cleaner brush stops as equal to the fish length
cleaning time and returns to the home position. The controllingitigoof the cleaning

subsystem is presentedRigure8-12.
2.6.5.Data transfer

In this thesis, MATLAB 2015 software was applied for image processing aad da
transmission. In order to increase the speed of image processing and data transmission,
only the necessary toolboxes were installed in the software package. To capture the images
in the online mode image acquisition package was installed. As theifipieigreaches the
end of the imaging case, the trout is in full vision of the camera at which all the length of
the fish can be processed as soon as the frame is captured. In the next step, the trout is
segmented, and related dimensions are extracted bagée fins positions.
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To transfer the data from the machine vision unit to the control unit, the TCP / IP
protocol was selected from the MATLAB software toolbox. In this protocol, MATLAB is
considered as the server, and TiaPortal software is cons@atade. To transfer the data,

a network cable is applied. When the fish reaches the end of the image processing
chamber, the visual sensor is activated and sends the frame capturing command to the
control unit. It should be noted that the camera is ahiamready to receive commands

from the control unit during the entire operation.

As soon as this signal is received, a frame of the camera is saved, and all processing
steps are performed on the images. By terminating the processing and dimensiomextracti
steps, these data are sent to the controlling unit. Since, in this device, it is possible to clean
three fish simultaneously along with the device, the data related to each fish are processed
with the relevant indexes in MATLAB, and similar indexes aréstituted in data

reception functions of the TiaPortal software.
The data transferred for the fish sample are:
1- Length of the fish from the gripper to the end of the trout head
2- The distance from the gripper to the anal fin (belly cutting start ypoint
3- The distance from the gripper to the pectoral fin (head cutting point)
4- Penetration depth (to determine the rotary belly cutting and suction tube penetration

Although the data is sent to Tia Portal software, in order to use it in the nexiitsieps,
necessary to store each of these data in the relevant receive functions. By storing the data
and matching the index of each fish sample in the cutting stations with the initial number
of fish, the desired fish size for the cutting operation is obthihis will store the data
for each instance in the corresponding function and be used in later steps to avoid data
overlapping. In other words, after determining the fish number, new indexes with a
sequence of 3 are created and assigned to each ddttheedeiving functions. As soon as
the fish number is equal to any of these numbers, the receive functions are activated, and

the number assigned to each sample is stored in the corresponding block.

32



As the new fish sample arrives, the data is updated olg®bers so that data from
each sample is available until the end of the fish cleaning path. In fact, one number is
assigned to the fish sample as it enters the machine vision section, and another number is
assigned by the sensors in each of the fishnalgasubsystems. In these functions, the
equal operator is used so that while the number of the fish in the machine vision unit is
equal to the number of fish in each of the cleaning stations, the relevant data is allocated to
perform the cutting procesk order to control the system operation, especially in manual
mode, besides the sensors and physical keys used in the device, the WinCC toolbox of Tia

Portal software was used.

The trout processing machine was designed in CATIA software. In the nextctep
extract the required force and torque in each of four subsystems (belly cutting, head
cutting, gutting, and cleaning subsystems), Adams softwareused By extracting this
result, machine fabrication was simultaneously conducted together with design

optimization.

2.7.Results

In addition to the analytical results extracted by the software, some of the results were
calculated in the initial step. This part of the results is related to the working capacity and
processing quality of the operators during machine functioning. Hutseare related to

the amount of fish movement in each of the capacities of the device.

By increasing the feeding rate, the fish transfer speed increases. Since it is desirable to
increase the capacity of the system, the appropriate solution is tasedies penetration
rate of the blades in the fish. In addition to the analytical results extracted by the software,
some of the results were calculated in the initial step. This part of the results is related to

the working capacity and processing quatityfhe operators during machine functioning.

As three different feeding rates were tested in Adams software, the functioning of the
system and stepper motors and any other actuators such as the pneumatic jacks were
selected based on the maximum value agnthre values of the feeding rated. As it is
definite, to ensure the proper function of the system, the largest value must be selected to
choose the driver motors. Therefore, the extracted value of the system in a feeding rate of

33



10 fish/min was selected all four operating subsystems. In the image processing section,
the fish length and any necessary data were extracted for system functioning. To have the
required functioning data, the calibrated fin position is sent to the control unit. The

controlling wnit sends signals and pulses to the processing actuators of trout fish.
2.8. Conclusion

Today, due to the increase of industrial automation in various industries, the need to
design and manufacture automated devices with high capabilities in the fish and
aguaulture industries is required. Considering the importance of trout consumption in the
food basket of people, and the increasing efficiency in production, the quality requires
designing and developing systems with higher capabilities compared to preystamsis
essential. Due to the slippery skin of the fish and the low friction coefficient, it is so
difficult to control the fish. Since the fish processing operation is done step by step, in
addition to providing fish stability, the gripper must enabfeent processing operations
along with the system. Therefore, an automatic system with trout belly cutting, beheading,
gutting, and cleaning stages on different sizes was designed and manufactured based on the

extracted dimension of the image processiaction.

Due to the high price of fish cleaners and the limited capabilities of the available
systems, a system capable of performing belly cutting steps, beheading, gutting, and
cleaning steps were designed and fabricated. Besides, because the clisitesiat is
completely in line with customer order, the image processing system was used to measure
trout size and extract the precise cutting points. In order to prevent any contact between the
grippers and the system operators, and the automated Gogtsylstem was designed to
control the system operators to process different cleaning operations on fish of different

sizes together with providing the system security.

One of the most important points in designing a system that can support different
opeation is to choose a place at which no interfere occur with cutting and cleaning tools
during the various processing steps. Therefore, the fish tail was selected as the roper
region, and five grippers were fabricated and installed on the conveyor. Bythes®
clamps, it was possible to perform different cleaning operations in an integrated system.

This system is designed in a way that the fish are placed and transferred insstha@ed

34



canal. In this system, as the clamp rises, the tail is caughelyripper fingers and pulled
along the machine.

As trout image is capture and processed by machine vision, the necessary dimensions
are sent to the controlling unit. In this device, five grippers are considered, in which each
fish is placed independentynd pulled on their back along with the machine. As soon as
the gripper passes in front of the cutting blades and suction tubes, each of these tools
performs the corresponding operation on the fish. After extracting the fish dimensions, the
cutting arm dscends to create a longitudinal cut along the fish length and returns to its
initial position. In the next step, by activating the head cutting jack, the rotary cutters
remove the head. As soon as the head is cut, the belly content is evacuated using sucti

tubes, and the fish is completely cleaned by a rotary brush.

Using this integrated system, it is possible to perform several fish processing steps. In
this regard, the use of machine vision as a-ehestructive and fast method in fin
identification andcutting point determination will increase the system capabilities to
process the fish of different types. By designing the system and simulating and analyzing

the motion, a system with the highest efficiency was fabricated.
In order to improve the devicthe following items are suggested:
1- Using fish identification systems rather than image processing
2- Completing fillet cutting section
3- Increasing the number of fish grippers to increase the processing capacity.

4- Using fish grippers with the posdiity of catching fish from the head side and
investigating cutting possibilities.

5- Omitting the final cleaning section if the filleting subsystem is added to the machine

if the bone separator is designed and built.
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Introduction and motivation

Due to the slippery skin of the fish and the low coefficient of friction, it is usually
challenging to control. If we want to clean the fish with a high capacity, the fish must pass
in front of the cleaning tools, and the oled operation can be performed on the fish at any
stage. Since the fish processing operation is done step by step, the gripper must meet

proper stabilization and convenience of processing arms.

Regarding the high price of fish cleaning systems and aésdirtfited capabilities of
the available systems, a device with the ability to perform the steps of belly cutting,
beheading, gutting, and cleaning the fish was designed and fabricated. Besides, since the
customers choose their desired weight, the systeth thie accurate visual unit can

facilitate the cleaning of trout fish with different dimensions.

The image processing system was applied to measure the size of the fish. In this
system, as the fish is passing in front of the video camera, a frame isaay¢le related
cutting points are extracted for further processes. To prevent any contact between cleaning
parts with the conveyer grippers, we developed an automatic controlling algorithm to
control the system operators to satisfy the safety of therysiperation in different

cleaning stages.

3.1.Studies conducted on designing anfhbricating fish processing

systems

Buckinghamet al. (2001) developed a heawtting fish cleaner in their design. In their
prototype, the fish was held using two metal plates to separate the fish head in the
appropriate placdn order to cut the head, they proposed another mechanism to keep the
heal in the right position while gripping the body. The designed clamp only allowed the
system to cut the head. In this system, the fish was held steady and the head cutting tool

cuts the head by moving toward the fish.

In another system, De Silva aiWdickramarachchi(1997) designed a machine to cut
the fish head into different sizes. In this machine, the fish were moved using a conveyor

chain system. On the conveyor, stainless steel semicircular seats were provided for each
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fish. In this model, as the fish g@es over the conveyor, the holding arm from the top of
the line approaches the moving fish in the proper position for head cutting, together with
stabilizing. Like the previous model, this machine was only able to cut the fish head. The
difference betweethese samplewith the model designed Buckinghamet al. (2001) is

the processing condition of the fish (stable or moving fish). Due to the high inertia of the
cutting tools, it is preferred to process the fish while moving with minimum movement of
cutting tools. On the other hand, the capacity of the system is high if the fish moves in
front of the cutting arms. Therefore, the system used by Da Silva and Wikran{2Ga)

is in the design priority in terms of meeting the proper dynamic conditionsazethjp the
system designed by Buckingham et al.

In another system, Lang et, al (2008) designed a device for cutting salmon heads. In
this machine, the fish were placed manually in their seat and then transported to the cutting
position by a hydraulic jackn order to provide linear motion of the system, a rotary motor
was used to convert rotational motion to linear motion. This device was also developed to

catch fish for beheading

Grosseholand Neumann (2008) designed a device for cutting and cleanurtgoelly
in which the tail was caught by two rotating fingers. After placing the fish in the
appropriate place, the fingers are closed to catch the tail, and the fish is moved along the
conveyor. Since the system was designed only to cut and cleanntemtsoof the fish
belly, the fish carrier also moved with the fish, like a conveyor chain. Compared to the
previous models, this system showed high capabilities in the functional capacity and
sufficient accuracy in performing automatic operations of mgitand belly cleaning. A

similar project was carried out Baulsohret al. (2010).

In another study, ketels et al. (2008) proposed a system for placing fish correctly in the
processing line during head cutting. In this design, they used metal seatsdnourhe
chains. Since the sorted fish were fed to this system, the fish conveyer seats were designed
in fixed sizes. Therefore, if the fish are of different sizes, this mechanism cannot be used
unless specific conveyor chains are considered for eacle diifferent sizes of the fish. In
this design, as the fish arrives at the cutting position, a fixing mechanism fixes the fish in

its position. They were fixed in place by a lowering mechanism. This mechanism is
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mechanically activated by raising the tailtbé fish during the head cutting process, which
activated the fixing arm to stabilize the fish by pressing the body.

In the design proposed by Kragh (2007), conveyor belts consisting of metal seats were
used, as the design of ketels et al. (2008). Intiadio the clamp designed for beheading,
another clamp was used to separate the fishbone. It should be noted that although the
designed device was able to perform two different operations, two different types of
clamps were used for each step of beheadimydeboning. In the proposed system in the
present study, in addition to the ability to perform various steps of belly cutting, gutting,

and beheading, all these steps will be possible to be performed in one integrated system.

In another studyJrushibaa et al. (2007) designed a device for beheading and gutting
without cutting the belly. In this design, the fish were transported while lying on their sides
for cutting the head and evacuating the belly content. First, by placing the fish on the fish
seatsa clamp and a jack fixate the fish from the tail and body. In the next step, the same
method was used to catch the fish, and the belly content was pushed out from the beheaded
fish by a rotary elastomer arm while turning along the fish length. In thismyalthough
two simultaneous operations of fish cleaning are performed in one system, it should be
noted that applying pressure with a rotary rubber arm to remove the belly contents from
beheaded fish will not satisfy the complete gutting and cleanowepses.

In another system, Ryan et al. (2013) designed a device to grip the fish and clean the
belly content. In this system, contrary to the model proposétbbtaet al. (2010), the fish
were transported downward between two support straps alongheitiievice. One of the
advantages of belt grippers compared to the finger clamps is easy supporting and
transporting, but it is impossible to perform different operations simultaneously
(beheading, belly cutting, and gutting). If the fish is transporteddszt the parallel straps
or conveyers, it is impossible to cut the head because of the collision of the cutting blades
with the conveyor belt. This case (simultaneous beheading and belly cutting and gutting)
has not been fulfiled even in devices with fmgclamps suggested by previous

researchers.

Kowalskiet al. (2015) designed a device to catch the fish for removing blood clots

near the spinal cord. This tool is only for catching fish to suck the blood and blood clots of
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fish and is a singleise clampn the fish processing industry. This clamp was applied in the
fish filleting machine.

In another studyKristensenet al. (2016) used special conveyors to carry the fish
samples. In this design, unlike the previously suggested clamps, the fish are petpendi
to the moving direction and are secured by hooks from the head area. This device is
recommended for the gutting process.

In another project, Ryan et al. (2017) proposed a small chain as a carrying clamp for
the salmon process. In this design, tha fise mounted on a conveyor chain as soon as the
head is removed. Then the belly content is evacuated so that the sharp excrescence on one
side of the chain penetrates the fish's spinal cord from the inside of the abdomen. By
engaging the carrier chain andoving machine direction, the deboning process is
performed by cutting tools. This clamp seems to be suitable for carrying fish along with the
machine for processing operations, but since it is necessary to gut and behead the trout in
the current studyhts gripper type cannot be applied as a suitable clamp.

Braegeret al. (2018) proposed a tool for extracting belly content. They have offered
this tool for cutting fish fillets, but they have also suggested this tool for evacuating the
belly content. In tls system, as the fish moves towards the cutting tool, the blade contacts
the belly content and removes it from the belly cavity. It was necessary to separate the fish

head from the body in the previous step.

In another projectiinke (2018) proposed a dee in which the material attached to
the spinal cord was cleaned by two sets of rotating disks at the top and bottom of the fish.
The first set of the discs guides and presses the fish, and the other set under the fish
performs the cleaning operation frdmeneath the fish. The second set of the disks were
placed opposite with angles. In this design, the fish is pulled from the tail, and the belly is
downward. In order to use this tool, it is necessary to clean the belly and remove the head

in the previoustep.

Any of the described designs are special tools for fish gutting and beheading. In order
to control the mentioned tools manually or automatically, different methods are available.

Since in most of the mentioned schemes, fish processing is carrieth @ainstant
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dimensions of the fish, so the control unit sends signals from the mechanical and electronic
sensors as the fish reaches to the processing position. Since in the current study, a larger
range of fish dimensions will be processed, so it is macg®ach of the cutting, cleaning,

and suction tools can function based on exclusive data received from the image processing
and control units. One of the methods to determine fish size is to use mechanical
measurement sensors that operate by passagrgt#t fish length in front of the sensor to

extract the length and other necessary dimensions, based on the fish shape.

Among the above systems, only in the two designs proposBaudgohret al. (2010)
and Ryan et al. (2017) a combination of mechanical and electronic sensors has been
applied to detect the dimensions of the fish, which can be applied to extract the fish size
and cutting points. Since in each of these systems, only a sipgtation of cutting or

gutting is done, using these sensors is sufficient for dimension determination.

In the design proposed Baulsohret al. (2010), the head of the fish remains on the
fish head, and only the gutting process with the details of betijng, suction, and belly
cleaning steps are done in a single system. Also, in the system designed by Ryan et al.
(2017), the head of the fish is removed in the previous stage, and subsequently, by passing
through the conveyor belt, the gutting processperformed. These sensors are used while
cutting and cleaning operations are performed on the belly because the exact head cutting
position requires special methods like machine vision. It should be noted that even in the
belly cutting process, a highteaof error appears in fish of different sizes. Therefore, using
imagebased methods, besides determining the size of the fish in two dimensions, the exact
head cutting point can be determined based on the position of the pectoral fin. Therefore

machine véion was applied to extract both trout dimension and cutting points.

A conventional machine vision system (MVS) includes an image capturing unit
(camera), image processing, and statistical analysis (Hong et al., 2014). Machine vision has
been used in thdield of aquaculture has been used mostly for classification, sex
determination, and quality assessment. Machine vision is also applied in fish post
processing steps like removing unwanted parts and cutting the fillet edges. Still, this
method is rarely el for the early stages of fish processing (up to filleting). The scarcity

of machine vision applications in the early stages of fish processing is the lack of an
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integrated system with the ability to perform several steps. The following are examples of
research conducted in this area. In order to adapt the fish cleaning system to the individual
characteristics of each fish, it is necessary to provide special tools for cutting, gutting,

cleaning, and gripping fish of different sizes.
3.2.Studies in the field of machinevision

In research conducted by Strachan (1993), fish dimensions were measured using
machine vision. He applied a 512 x 512 camera with 8 bits per pixel. This camera was
mounted on the top of the conveyor belt inside an intpgase. Fish transfer speed
variations were done by changing the speed of the conveyor belt motor. In order to
measure the fish length, a specific location in the image was first considered, and length
changes were measured by moving along the beltraeref Finally, the error values for
parallel fish along the conveyor belt and for fparallel fish were 1% and 3%,
respectively. Also, to measure the dimensions of the fish, a transparent conveyor belt was
used with underneath lighting. The processingtiior each image took 0.8 seconds. Fish
head and tail lengths were extracted, considering t010% of the fish length at the end and
beginning of Hadook fish. In order to measure the dimensions of the fish, various methods
can be used to define fish lengtlyaeding time, cost, measurement accuracy, and proper

performance and purpose of the design.

White et al. (2006) also extracted the lengths of different species of fish using machine
vision. In this study, they used a conveyer belt with a linear velocitySom/s, in which
the fish was placed on the belt parallel to the moving direction. They applied a camera with
a resolution of 1024 x 640, where each pixel represented one square millimeter. They also

performed the following steps to identify fish species
1- Calibration of the background color once an hour.

2- Color thresholding, which was done for 20 seconds per hour to correct the
threshold.

3- Detecting the fish in the images using perpendicular lines to the fish movement

direction to scan the targetea. If the intensity of 40% of the pixels inside the square was
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different from the background, the square was shifted 2 cm to the right, and if the squares

contained the desired pixels, the target (Fish) was identified.
4- Detecting the fish edges
The rext five steps to detect the fish are in the following:

5- Fish orientation detection: the fish orientation was determined as soon as the major
axis of the fish was defined. The angle between the major axis with the horizontal line

describes the sample dation with the moving direction.

6- Identifying fish head and tail sides: to detect head and tail sides, vertical lines along
the fish length were considered from 15% of the fish length, and the larger length was

considered as a fish head side.

7- For the back and belly sides of the fish: for this purpose, the average of gray

intensity pixels in the upper and lower half of the fish was compared.

8- Extracting the color and shape of the fish: To achieve this goal, they used the

average color and shape bétfish.

9- Fish length: to measure the size of the fish, they considered eight points along the
length. These points are considered as the first point of the nose or one of the two points of
the upper and lower lips. The second point was selected abfl@% head, and the third
one was considered at approximately 60%. The other point was considered at 70% of the
distance from the fish head. The other four points were considered near the fishtail,
including three points felt on the center axis and thal fpoint at the end of the fish. They
reported a fish length variance ratio of 1.2 mm. They applied canonical analysis to measure
the length of the head, tail, and total fish length.

Misimi et al. (2008) used machine vision to sort Atlantic salmon (S&alar). They
used dimensional features to grade and determine the quality of the fish. These properties

were extracted from binary images

Lang et al. (2008) designed an industrial automatic fish cutting machine with

automatic controlling, error detectioand remote management capabilities. Their research
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included four parts related to the hardware construction, controlling and error detection
design, and remote controffter fabricating the hardware of the systems, including
conveyor belt, hydraulic anggneumonic system, the fuzzy position and PID control
systems applied for in horizontal cutting control were simulated in Matlab software to
compare with real fuzzy control / PID mode. The results of software simulation showed
that if the specified conditis and the relationships between inputs and outputs are linear,
the PID controller performs better than the fuzzy logic controller mode. In the unknown
and nonlinear conditions, a fuzzy logic controller would be an appropriate option. In this
study, they sed a CCD camera to determine the proper cutting position. In addition to the
first camera, another camera was used to assess the quality of the cut near the output of the
machine. To monitor the performance of the system, in addition to cameras, fauotype
sensors were used, including four accelerometer sensorsposition sensors, four
pressure sensors, and two microphones. An amplifier was used between the data storage
board and accelerometer sensors to increase the range of the sensors.

Next, theytrained the artificial neural network in offline mode with the following data

to identify errors
1- Jamming fish between the blades
2- Hydraulic cylinder failure
3- Hydraulic pump failure
4- Hydraulic servo valves Failure
5- Pneumatic cutting bladailure
6- Conveyor belt failure
7- Normal operation of the device

Since the system failure could be related to each part of the system mentioned above,
so detecting these failures is impossible with a single sensor. In other words, using a
vibration-sengtive sensor is possible to detect the malfunction of the system, but it is not

possible todetermine which part of the system faces with an error. Therefore they used
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multiple sensor combination technology for failure detection

In another study, Steen Bdo et al. (2011) designed an automated line for
slaughtering and cutting fish heads using machine vision. They useddimresional
vision and applied pneumatic actuators in the cutting. They applied electric shock for
numbing the fish before injuring.he machine was programmed to divide the fish entering
the system into three different channels to have equal feeding rates to each of the cutting
blades. Their designed system was capable of slaughter@§%®f the incoming fish at
a rate of 30 salnon per minute. In the samples that had not been slaughtered

successfully, the injury was done manually near the gills.

To slaughter the fish, the pneumatic jacks were equipped to narrow blades. The
general structure of the device used in this study idaing those ofStorbeckand Daan
(2001) andMathiassenet al. (2006) with the difference that in addition to all devices
applied as mechanical tools, the stunning technology enabled the feeding of alive fish so
that they can be processed simultaneoullwas also necessary to identify the fishtail and
head sides in order to make an injury on the right side. On the other hand, in order to create
an incision in the head, it was necessary to send a cutting order to the control unit. Based
on the written aorithm, the incision must be done at a distance of 10 mm from the gill
arch of the fish. Since various factors are involved in determining the proper location of
fish gills, multivariate regression was used to determine the appropriate place in which the

accuracy of the system was calculated by the software based on the minimum square error.

After segmenting the image, some geometric features such as area, volume, maximum
height, width, and deviation of the fish and in total, 11 geometric features wesetes
from the image. These indicators were considered as input for thdndath and tail
detection using Linear Discriminantnalysis (LDA). In order to train the artificial neural
network, the captured images during the incision step were applidte hext step, a Vv
shaped blade was used to cut the head. The time and previous cutting positions were
calculated, taking into account the arrival time of the new blade, and the head was
separated by the cutting blade. For optimal beheading, differertshleere tested. Despite
the high shear force compared to the V shape blade, they selectedhap@d blade
because of the proper cut. Their results showed that among 1531 salmon and 681 trout fish,
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1327 salmon and 640 trout fish were cut correctly, regdgt Out of the total number of
fish, 201 and 36 fish were not cut, and four and five fish were cut from the wrong place,

respectively.

In another study, Hu et al. (2012) used color and texture characteristics to classify
different species of fishn this machine vision system, the images taken from the mobile
phone were sent to the processing system to analyze the color and texture of the images.
They provided the best classification based on the extracted feature from the HSV color

space

Costa et al(2013) measured the size, direction, and heterogeneity of fish based on
edge analysis. In this study, the edges were extracted by the image processing algorithm.
Their research aimed to develop tools for online grading of bass species to detect the size,
sex, and heterogeneity. Using this method, the size estimation based on weight was
obtained with a correlation coefficient of 0.9772 compared to the conventional method of
measuring length with a regression coefficient of 0.9443. To identify fish spededsan
to identify fish with inappropriate shape, they used partial least squares detection analysis,
which detected 82.50% and 88.21%, respectively.

Dowlati et al. (2013) used machine vision to predict the freshness of the golden head
fish. For this purpse, changing the color of the eyes and gills of fish was considered as a
criterion for predicting fish freshness and quality. They used RGB and L * a * b * color
spaces to segment the eye and extract the feafwesnoy et al. (2014) also classified
boiled shrimp using shape features as relative internal distance (RID). They used red,

green, and blue channels to extract these features

Teimouri et al. (2018) classified different parts of the chicken using intelligent
modeling based on machine vision. Theyed both linear and nonlinear methods for
classification. To analyze the effect of speed on classification accuracy, they set two
different velocities of the conveyor belt, including 0.11-+afsd 0.22 m/s were considered.
They reported the total accuyaof 94% and 93% for classification in two speeds,
respectively.TaheriGaravandet al. (2019) also examined the freshness of Ramvard fish

by reattime monitoring. In this study, they used color image processing of R, G, B, H, S, |,
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L *, a *, and b * chanals. After reducing the input data dimension, fish freshness was
predicted by a neural network, support vector machine, aneldfest neighbor methods.

In the current study, an automated system is designed for trout beheading, gutting, and
cleaning. Asthis system consists of mechanical, controlling, and machine vision sections,
the whole system needs an accurate design and synchronization. The mechanical system
was designed in Catia software and simulated in Adams simulation. All the constraints and
red conditions were applied in simulation to extract the required forces and torques. At the
next step, the controlling algorithm was developed in TiaPwlta software and tested to
solve any errors. Then, to send the extracted data from the machine wngido the
control unit, we applied the TCP/IP protocol. Finally, by installing all the magnetic and
inductive sensors, pneumatic cylinders and actuators, and controlling panel on the

mechanical system, machine functioning was synchronized and calibrated
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Researchobjectives

The main goals of this thesis is to design, fabricate, and evaluate a trout head and belly

cutting and cleaning system which is expected to achieve the followirgbgedtives:

1. Designing andabricating the mechanical part of the system, including the main body,

grippers, beheading, and gutting subsystems.
2. Implementation of electrical and controlling parts of the system

3. Providing an algorithm in order to properly identifying and detgdtne trout together
with defining fish length and width, cutting points, and cutting lengths.

4. Evaluating the accuracy of the developed algorithm to determine the appropriate head

and belly cutting points to compare with the actual points.

5. Implementng the online of the controlling and image processing algorithm evaluating
the system process.

6. Qualitative evaluation of the processed fish and visual and quantitative assessment of the

cleaned fish in terms of proper cutting of the head to prdilentoss.
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Physiology of trout fish

Trout, with the scientific nameOhcorhynchus mykisss from the salmon genus. It
has 19 bones in the caudal region with68bone nuts in its back. The color of salmon
changesrom blue to olive green and converges to pink and light silver at the bottom.
There are also small black spots on the sides, including the head and fins. The color of this
fish changes depending on its size, habitat, growth, and fertility conditionscoldreof
fish that are grown in the rivers are darker, while those are grown in ponds are lighter and
more inclined to silver (FAO 2013)his species of fish can tolerate a wide range of
different temperatures from zero to 27 degrees Celsius. The appeci@mperature range
for aquaculture should be less than 21 degrees. Trout fish are bred in most countries, but
the production rate is insignificant compared to European countries, North America, Chile,
Japan, Australia, which are comprehensively plartnedreed and produce (FAO 2013).

The distribution of trout production in the world is shown in

Figure5-1. Torut Fish production distribution

Compared to other species, tout has a high spawning rate, high growth rate, and high
resistance to the environmental and breeding methods. Depending on the ecological
conditions, trout fish hatch from 100 days at a temperature of 3.4 degrees Celsiusand up
21 days at a temperature of 14.4 degrees. After a short period, these fish should reach ten
percent of the desired weight in32weeks. The fish are then transported into special
containers with 2 x 2 m and a height of&D cm to obtain sufficient oxyen and access to
massive water flow. Trout can be supplied after about nine months when it reaetes 30
cm. Some of these fish are also bred for more extended periods and are available in larger

sizes (FAO 2013). To comply with economic principles andve@nt food loss, fish
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producers stop feeding three days before fishing, so that their stomach is as empty as
possible. This fish is supplied both in fresh and frozen conditions. It should be noted that

the shelf life of this fish is 224 days in the frozestate without cleaning and gutting.
5.1.Trout fish processing steps

Fish sorting with the sorter systems will reduce costs as well as increase production
rate and efficiency. This process increases the final quality of the product, but requires an
initial investment and carries with structural complexitiBegqmanet al. 1997). After
sorting the fish, it is time to supply them in markets. In small and large fish centers, highly
demanded fish species are usually available in different sizes. The fish erallgespting
based on the size, and it is cleaned on the customer's request. Usually, in fish supply stores
as well as aquaculture processing plants, cleaning the fish involves some cleaning steps, or
all the cleaning steps are done In the case ofpnoressed fresh fish, some prefer gutted
fish; others opt for gutted and beheaded, or just in fillets. It should be noted that trout
scales are finer compared to other species, and it can be processed without scaling. Trout

cleaning steps are shownkigure5-2.

Figure5-2. Trout fish processing steps.

Due to the broad automation in industry, the need to design and manufacture
automated devices with high capabilities in the fish and aquatic processing industries is of
great importance. Because of the importance of fish consumption in the food basket and
the need to use automatic industrial devices to increase efficiency and improve the quality
of fish processing, the need to design and develop systems with higher capabilities
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compared to the current models are essential. In fish processing factorieshasupply
stores, it is necessary to stabilize the fish for any cleaning operations properly.

The initial evaluation was required to design the device to obtain basic information on
trout. Therefore a number of fish were applied to get the primary datathenumber of
the

5.1.1. Initial samples (before startingsystem fabrication

In this study, in the first stage and before fabricating the device, 97 samples of salmon
from 262 g to 622 g with an average weight of 421.88 +78/04 kg with the total weight of
36.5 kg were considered. These samples were randomly selected from fresh fish in the self
service restaurant of the college of agricultural and natural resources of the University of

Tehran. These samples are showRigure5-3.

Figure5-3. The applied fish sample in the initial stage of the study to weight, measure, and capture the

images: a) unprocessed samples, b) weight measurement and c) samples after processing (gutting).

The dimensionsand weightof the fishsamplesin the initial stageare presented in

Table5-1. A digital balance with a measurement accuracy of 0.1 g was applied to measure
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the weight of the samples. A standard ruler was used to measure the length of the fish, and
a digital caliper wih an accuracy of 0.02 mm was applied to measure the smaller

dimensions.
Table5-1. Weight and Dimension of the trouttime offline stage
Dimengon (mm) Weight (g)
#e #NVS #H$ 1% 2% #NV1$ V2% #N 3%
Minimum 365 60 30 41.5 54.5 222 182 138
Maximum 395 90 50 59 73.5 622 510 474

Average 334.1R24.3 77.96.8 403.8 48\8.4 62.2:3.9 421.9%78 344.%64.9 310.561

In this table, (L), (W), and (T) are the length, width, and thickness of the fish,
respectively. D1 and D2 are the distance from the fish lips to the center of the eye pupil
and the end of the fish gill, respectively. It should be noted that these samples were also
used to develop the image processing algorithm.

5.1.2.Secondsetof the samples

In this stage, 100 trout samples were selected in the fish marketing center at Tabriz
Iran. An image was captured from all the samples, and the weight and dimensions of the
samples were measured for 50 randomly selected samples. Unlike the initialhet &g
were placed inside a-$haped canal; so that the back of the fish was placed inside the
canal. The images were also captured from all 100 fish samples. Table 3 shows the

changes in length, width, and weight of the measured samples.

Table5-2. Dimension and weight of trout in second stage

Dimension (mm) Weight(Q)
(L1) (L2) (L3) (L4) (W) (W1)
Minimum 350 300 225 60.5 33 475
Maximum 510 460 350 100 83 1750
Average 443.9+33.9 386.4+37.4 300.3x30 76.949  65.7+12.7 1124.3+314.9
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In Figure 5-4 the measured dimensioase presentedlhese dimensionare usedto

transfereghevision basedlata to the control unit.

v

L1
L2

L3
L4

A A A
v

v

Figure5-4. The measured dimensions for camera calibratidghdéonline stage

55



Mechanical
design,
simulation, and
fabrication



Mechanical design simulation, and fabrication

In general, the system consists of the following units and subsets:
1- Image processing case and a digital camera.

2- The main chassis of the device which is the combination of stainless steel (in wet

parts)and painted steel.
3- Fish carrier subset (grippers)

4- Belly cutting subsets: a 0.25 hp AC electromotor, stainless steel arm carrying rotary
shafts, belt and pulley, motor shaft and blade shaft, rotary cutting blade with a diameter of
100 mm and a thickmss of 1.5 mm, stepper motor, power screw connected to the stepper

motor and the nut connected the cutting arm.

5- Head cutting subset: a pneumatic jack, two ribbed rotary blades installed in the
angle of 90 degrees with opposite revolution, two air motmrgotary blades, a small
frame carrying the moving components, and a set of wagons and guide rails used to guide

the entire assembly in the vertical direction.

6- Gutting subsystem: one stepper motor with a mounted gear, two rack gears, two
suction tubeswith different diameters for small and large fish, and a set of wagons and

guide rails to move the rack gears in the vertical direction.

7- Belly cleaner subset consisting of a 0.25 hp AC electromotor, stainless steel arm
carrying rotary shafts, belt arqullley, motor shaft and blade shaft, rotary cleaner brush
with a diameter of 125 mm, and pneumatic jack.

8 -Pneumatic system

9- Controlling and transferring system the send the command to the motors and driving

arms of the device
6.1. SystemDesign

In thefirst step, the initial model was designed by CATIA software and the Structure
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of the machine was fabricated. Then some necessary parts such as conveyor chains and
gears were provided. By entering the exact dimensions of these parts in the software, other

parts of the device were designed and the other steps were done in the same way

To fabricate the main chassis of the system, we applied 40 x 40 mm steel with a
thickness of 2 mm was used. In the construction of the internal parts of the chassis,
especidl the parts that are in contact with water, the stainless steel part and profiles were
applied. These majorities of these parts are located near the fish passing channel and fish

gripper section.

To enable different fish processing steps in this systeem;amsidered the dimensions
of the chassis 2.8 m in length, 0.85 m in height, and a width of 0.7 m. Under the main
chassis of the device, carrier wheels with stabilizing bases were considered, so in addition
to easy movement of the device, the longitudaral transverse alignment of the system is
possible.

6.1.1.Fish carrying subsystem

One of the most critical points in designing a system with the ability to perform
different trout processing stages is to consider a place in the fish body which avoid
interferingwith cutting and cleaning tools during the various stages of cleaning. Therefore,
the tail of the fish was selected as the appropriate area.

The fish carrier subsystem consists of four main parts:

1- Fish grippers

2- Gripper guides and fish canal

3- Driver AC motor

4- Gripper conveyer
6.1.1.1.Fish grippers

Using the grippers suggested in this dissertation, it is possible to perform different
steps of fish processing in an integrated system. To increase the capacity of the system
(number of fish per minute), we considered a balance between the lengthysitéme and

the number of grippers so that with the maximum number of the grippers in the conveyor
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length, a sufficient space provided for the system operators. Therefore, in this design, five
sets of grippers were considered. Each set of grippers inclbdefoltowing parts: a)

Driver and driven gears, b) steel shafts, c) shaft bearings, d) return springs, e) polyethylene
blocks, and f) gripper finger and stainless steel screws to connect the upper and lower

blocks.

In Figure 6-1 the grippers with the detailed components are presented. As shown in
this figure, the fish is caught using the fingers (5) on the shaft (4). These fingers are
connected to thehafts using screws (6). By rotating the shafts, the fingers rotate and press
the ribbed surface (8) onto the fishtail, gripping the fish. These fingers are connected to the
shaft (4) by screws (6). In order to convert linear movement to rotational médion,
gears were used in this system. in this design, the gears (10) were considered as the driver
gears, and the gears (17) were considered as the driven gears. The stainless steel
appendixes (11) were connected to the gears (10) by the welding prdeesgears and
internal parts of the clamp are shownFigure 6-1. The driver gears (10) shown in this
figure are located on steel shafts (9) with arditer of 12 mm and a length of 185 mm.

Similarly, the driven (17) are mounted on steel shafts (4).

The inner diameter of the driver and driven gears are 12 mm, the outer diameter is 35
mm, and their thickness is 12 mm with a modulus of 1.5. To achievettt&n of the
shafts as well as the proper gear stabilization, we used two bearings (12) wHBNEBBO
standard with an outer diameter of 26 mm, a thickness of 8 mm, and an inner diameter of
10 mm was applied in the top and bottom of the gears. Thenggaare shown in

Figure 6-1-b. These types of bearings have covers on both sides to prevent the possible

permeation of moisture and water into thierior.
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Figure6-1. Fish gripper design: a) 3D view of the gripper set with the fingers in the open position, b)
internal components of the gripper, c) lower block2@)imageof the gripper with the driver and driven

gears.

In order to assemble the internal parts inside the body, the clamp consists of two
separate blocks, upper (1) and lo2r blocks. The dimensions of these blocks are 140 x

110 x 30 mm, and they are made of polyethylene. In each of these blocks, four holes were
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created. In order to ensure the free rotation of the gears inside the clamping system, the
depth of each of thedwles was considered as 15 mm. Then another hole with a diameter

of 26 mm with a depth of 8 mm was made on the holes of the gears to place the bearings.

Figure 6-1.d shows the location of the driver gears (10), driven gears (17), and
bearings (12) on the lower block (2). In this figure, the holes (18) correspond to the screws
(3). Similar holes are made in the upper block of the clamp. Holes (19) @navi(d a
diameter of 36 mm were made to accommodate the driver (10) and drive (17) gears,
respectively. This figure also shows the location of bearings for shafts (4) and (9) with the
numbers (21) and (22), respectively. The grooves for the returnimgspil6), the rail
groove (25), and the movable gear tab groove (11) are represented by the numbers (23),

(7), and (39), respectively.

In order to connect the clamp assembly to the chain, @@ steel plate (60) with a
thickness of 2 mm and with dim&ons equal to the upper and lower block of the clamp
was used. This steel plate was connected to the chain (34) by welding operations. In order
to provide linear motion of the gripper assembly inside the rails (25), a longitudinal groove
(7) with a depthof 6 mm and a width of 15 mm was created along the side edges of the
upper and lower blocks. In the next step, to provide free rotation of the driver gears and the
welded tongue (11, a groove (39) with a length of 50 mm, and a width of 9 mm was

created oreach of the blocks inside the groove (7).

Figure 6-2.a shows the return springs and other components a-dimemsional
exploded view. By placing thigshtail between the fingers of the clamp, the fish is gripped

and pulled along the devicéigure6-2.b shows the fabricated components of the gripper
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Figure6-2. The internal components of the gripper: a) the exploded view and b) fabricated components.

fish canal andconveyerchain

6.1.1.2.Gripper guide

In order to avoid the contact betwetre gripper finger with the fish carrying canal,
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Figure 6-3 shows the macdhe driver subsystem, gripper sets, and gripper guides. By
moving the grippers towards the guides (25)
the fish is clamped and the gripper assembly is supported in line while the groove (7) is set

with the guides.

As shown in this figure, by contacting the gripper tabs on the steel rails (25), according
to Figure6-1.b, the driver gears (10) on the left amght sides of the gripper set, Rotate
counterclockwise and clockwise, causing the left and right driven gears to rotate clockwise
and counterclockwise, respectively. This brings the left and right fingers closer and grabs
the fish's tail between the clas As the actuated grip (26) reaches the end of the rail (25),
the fish is detached from the gripper, and the fingers return to their initial position. To
guarantee the proper returning of the driver gear to the initial position, we applied springs
(16) an the shafts (9).

Figure6-3. Main chassis of the system, the moving parts, gripper guide, and fish canal

As shown inFigure6-3, the chain (34) is driven by the drive gear (32) attached to the
motorgearbox set (31). To supply the conveyor chain power, a 0.5 hp AC electromotor

with 1: 40 reduction gearbox (TS Transnoss NMVR 040, i40) was applied. In order to
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adjust the rotational speed and avoid changing the engine torque, an inverter a TECO,
220V, 4kw was applied.

Two adjustable sliders (35) were also used to install and adjust the chain stiffness. In
order tostain and increase the wear resistance of steel gears, hard chrome electroplating
operation was used. To transmit the power from the motor to the grippers, we selected a
stainless steel chain with the length of the 4800 mm. By dividing this length iatedival
parts, the distance Dg resulted in 960 mm. Since five clamps are designed to catch the fish,
it can be considered that 5+1 fish will be processed in one complet&igure6-4 shows

schematic view of the chain and grippers.

Grippers Conveyor chain

\- \

D ]

A

Figure6-4. Conveyor chain and the grippers with the gripper distance of Dg

This figure shows the gripper position and the conveyor chain with the gripper
distance (Dg). Now, if the complete cycle of the conveyor chain is performed for one
minute, the number of six fish per minute will be processed by the machine. Under these

conditiors, the linear velocity of the carrier chain will be calculated using the equation 3.1.:

[ ]
5 2 3.1
<
I n this equation, Avo is the | inear veloci
( mm) , and Ato i s one compl esedeon ggaatiom 3.h fve t he cC

considered six fish to be processed in one minute; the linear velocity will be calculated 80
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mm/s. Other linear velocity values in different processing capacities are presented in
Table6-1.

Table6-1. The linear velocities in different system capacities

System capacity Me 4 Mg 5 Mg 6 Mg 7 Mg 8 Me 9 Mg 10

Linear velocity of the 53.33 66.66 80 93.33 106.66 120 133.33

conveyer chain (mm/s)

As shown in this table, by increasing the system capacity from four to ten fish per
minute, the linear velocity increased from 53.33 mm/s to 133.33 mm/s. These values are

the base inputs fatesigning and simulating the system in Adams software.
6.1.2.Belly cutting subsystem

The function of this subsystem is to make a longitudinal incision in the trout belly
from the beginning of the anal fin to the pectoral fin. The belly incision subset corisists o

the following components

1- Power screw bearings

2- Stepper motor moving arm

3- Power screw

4- stepper motor frame

5- belt and pulley

6- Rotary cutting blade

7- Blade shaft

8- Rotary blade

9- AC electromotor

10El ectrometerds shaft and bearings

Figure6-5 shows the position of the belly cutting subsystem in the machine together with

its components
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Position of the belly cutting = - Main frame of belly cutting subsystem
- -

subsystem in the system ; H“\\g-*)g

(@)

Stepper motor Motor shaft and bearings
Hinge

Stepper motor

frame
Bearings

Guide Nut

Arm

Belt and pulley Bearings

AC Electromotor

shaft blade
(b)

Figure6-5. Belly cutting subsystem: a) position of the belly cutting subsystem in the system, b) belly

cutting component in isometric view, and c) the belly cutting components in front view.

After extractng the required dimensions, the first step in device operation is to make a
longitudinal incision in the abdomen of the fish from the anal fin to the pectoral fin based
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on fish size. By sending the commands from the control unit to the stepper motor, the
carrier arm moves downward, so the rotating blade cuts the belly. After cutting the
abdomen, in order to avoid any contact between the blade and the subsequent fish gripper,
the arm is raised again and placed in its home position. An AC 0.25 hp electrorntiotar
rotating speed of 1400 rpm was used to provide blade rotation. To transfer power from the

electromotor to the blade, we applied a belt and pulley system.

A power screw is a device for changing the angular motion to linear motion. (Budynas
et al., D11). As mentioned above, the cutting arm converges the fish belly while the fish is
passing in front of the rotary cuter. The position of the arm in a vertical direction and the
stop time | cutting position is based on the dish dimension. Therefore,ea porgw with
a standard pitch of 3 and the outer diameter of 13.8 mm was selected according to the
position of the electromotor and the minimum and maximum displacement length. In the
next step, in order to determine the proper stepper motor and alstetmuhe the lifting
arm speeds in dynamic mode, the selected screw was modeled in Catia software. To model
this screw in the software, power screw relations were applied in both screw and nut

designing stepssigure6-6 shows the dimensions of the trapezoidal power screws

Internal
Thread

1/2 sllowance on
major diameter

Tuz allowance on
minar dameter

External
Thread

Figure6-6. The cutting view of the power screw with the related signs and &mofle.

The following equations have been used to model the power screw and its nut: The
tooth angle between the power screws is 29 degrees. The allowable limit value (ac) in the

inner diameter of the screws and the inner diameter of the nut equals 0.25 mm in the
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screws with ten teeth in less than 25.4 mm. For the other modes with more teeth, the "ac"
value is 0.125 mm. The allowable step limit (ap) for screws with a diameter of 11.11 to
14.29 mm is 0.0057. Other related values were calculated according to theirgll

equations:

b ™D 3.2

E ™D 3.3

O ™ b 3.4

& ™ x nmx b 3.5

& mWYXTnX B UL 3.6
& ™ X X B8 U WW 3.7
& MWYTNYBRuvww © 3.8

In these equations, p, h, and t are the pitch, gear height, and gear thickness,
respectively.Also, Fcn and Fcs are the size of the gear crown in the nut and screw,
respectively. Frn and Frs also indicate the size of the root in the nut and screw,

respectively.

Since it is not possible to access the exact dimensions of the power screw, especially
its nut, with these relationships, the sample power screw, and its nut were modeled in
CATIA software. The proper modeling of the nut and power screw was modeled to
achieve accurate results by Adams software. As the stepper motor raises the cutting arm, it
is essential besides the free connection of the screw nut relative to the main arm, the frame
of the stepper motor also rotates around thaxié. By rotating the stepper motor and

subsequently rotating the power screw, the nut moves upward or downwaltite Ast
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rises, the cutting arm comes upward, which shortens the distance between the motor and
the nut, and consequently increases the angle of the motor seat relative to the vertical line.

Therefore, a hinge was applied between the stepper motor frahtieeamain body.
6.1.3.Head cutting subsets

Like other designed parts of the system, including the main chassis, the fish head
cutting subsystem was also designed in CATIA software. Since the fish is moving along
the system, it is necessary to provide the bhesd cutting condition. In order to have a
proper cut, a precise, fast cut can provide the cutting condition. Therefore a pneumatic jack
was applied to carry the cutter subset. As mentioned before, when the grippers reach the
beginning of the guide railshe fingers contact the rails and the fishtail stocks between the
gripper clamps. In this condition, any clamped trout is pulled along the system. Therefore,
to define the system processing capacity (fish per minute), it is necessary to determine the
optimal working speed. By knowing the linear velocity of the conveyor, the penetration
velocity of the cutting blade will be investigated. In fact, the speed at which the cutting
blade approaches the fish is directly related to the fish transferring speedlifierent
types of blades have been studied for trout head cutting:
1- 6V6 shaped cutting blade by applying suf
2- Two rotary cutting blades without extra force on the fish (two reciprocating, rotary
blades with a 9@egree a gl e ) . The i mages of the O6VO6 s

Figure6-7.

(@) (b)

Figure6-7.Two possi bles options of the head cutter bl ade
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