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Resumen

El presente proyecto tiene como objetivo el desarrollo de un prototipo de joystick con 6
grados de libertad para operar una plataforma Stewart. Este joystick es capaz de moverse
de manera flexible en un espacio tridimensional, permitiendo un control eficiente de la

plataforma mediante la modificacién manual de sus tres posiciones y tres orientaciones.

El trabajo comenzara desarrollando un modelo de simulacién del joystick, utilizando
Simscape Multibody para verificar su funcionamiento. Se utilizard un algoritmo de
cinematica directa para lograr un calculo preciso de la actitud del joystick, verificando su
correcto funcionamiento mediante el modelo de simulacién desarrollado. En la segunda
parte del trabajo se llevara a cabo la implementacion fisica del prototipo, empleando
Arduino (Esp32) como dispositivo de control. El joystick real se utilizara para controlar
el prototipo de la plataforma Stewart, tanto en un entorno virtual como en un entorno

fisico, basado en un TFM anterior.
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Abstract

The objective of this project is to develop a joystick prototype with 6 degrees of freedom
to operate a Stewart platform. This joystick can move flexibly in a three-dimensional
space, allowing efficient control of the platform by manually modifying its three positions

and three orientations.

The work will begin with the development of a joystick simulation model using Simscape
Multibody to verify its functionality. A forward kinematics algorithm will be used to
achieve precise attitude calculations for the joystick, verifying its correct operation
through the developed simulation model. In the second part of the project, the physical
implementation of the prototype will be carried out, using Arduino (Esp32) as the control
device. The real joystick will be used to control the Stewart platform prototype, both in a
virtual environment and in a physical environment, based on a previous master's thesis

(TFM).
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1 Introducciodn

Este trabajo de fin de méster tiene como objetivo desarrollar un prototipo de joystick con seis
grados de libertad basado en la estructura de la plataforma Stewart, con el fin de proporcionar
una solucion de interaccion mecénica eficiente y precisa para la interaccion entre el operador y
el entorno de operacion remota. En el contexto actual de rapido desarrollo tecnoldgico, la
operacion remota se ha convertido en una aplicacion crucial en varios campos, incluidos, pero
no limitados a, la fabricacion industrial, la aeroespacial, la cirugia médica y el entretenimiento
de juegos. Sin embargo, los dispositivos tradicionales de operacion remota a menudo estan
limitados por su precision, flexibilidad y facilidad de uso, lo que restringe su aplicacion en

entornos complejos.

Por lo tanto, el objetivo de esta investigacion es disefiar, simular y ensamblar un joystick con
seis grados de libertad, aprovechando al méximo el disefio mecéanico avanzado, la tecnologia
de sensores y los algoritmos de control, para satisfacer las necesidades de la operacién remota.
Este joystick sera altamente flexible y preciso, capaz de funcionar de manera fiable tanto en

entornos remotos reales como en entornos virtuales generados por computadora.
Especificamente, esta investigacion lograra los siguientes objetivos:
1. Disefio de la estructura mecéanica:

A través de la combinacion de principios avanzados de disefio mecanico y técnicas de ingenieria,
y tomando como referencia los modelos existentes de la plataforma Stewart, se disefiard una
estructura de joystick con seis grados de libertad, asegurando su optimizacion en términos de

facilidad de uso y eficiencia operativa.
2. Disefio del algoritmo y programacion:

Se utilizaran algoritmos eficientes para resolver las ecuaciones cinematicas y, combinando
datos de simulacion y experimentales, se optimizaran y ajustaran continuamente los algoritmos

de control para mejorar el rendimiento y la estabilidad del joystick.
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3. Simulacién y comprobacion:

Se empleara software de disefio asistido por computadora para realizar analisis de simulacion,
verificando el rendimiento, la estabilidad y la fiabilidad del joystick, para asegurar su

aplicabilidad en diversos escenarios de trabajo.
4. Ensamblaje y verificacion de funcionamiento:

Se ensamblardn las diferentes partes disefiadas y se realizaran pruebas y ajustes reales,
asegurando que todas las funciones y el rendimiento del joystick cumplan con los requisitos de

disefio.
5. Aplicacion integrada:

Se integrard el joystick con un sistema de operacion remota (por ejemplo, otra plataforma
Stewart), logrando una interaccion sin fisuras con el entorno remoto y proporcionando una

comunicacion y control eficientes entre el operador y el entorno objetivo.
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2 Antecedentes de la Investigacion

El concepto mas antiguo de mecanismos paralelos se remonta a principios de la década de 1920,
cuando Albert W. Stewart propuso un disefio capaz de realizar movimientos con mdltiples
grados de libertad, utilizado como una plataforma estable en embarcaciones. Con los continuos
avances en tecnologia de sensores, algoritmos de control y ciencia de materiales, el rendimiento
y las funciones de la plataforma Stewart han mejorado significativamente. Durante esta etapa,
la plataforma Stewart ha optimizado constantemente su disefio estructural, algoritmos de
control y seleccién de materiales, mejorando la precision del movimiento, la estabilidad y la

fiabilidad, y ampliando su &mbito de aplicacién en diversos campos.

El joystick es un dispositivo mecanico comun utilizado para controlar y operar diversos
sistemas y equipos mecanicos. En los ultimos afios, con el desarrollo continuo de la tecnologia
robdtica y la operacion remota, el uso del joystick se ha extendido a multiples campos. La
patente "Joystick"[?l revela un disefio de joystick basado en una plataforma Stewart, que
combina tecnologia avanzada de sensores y algoritmos de control, proporcionando una
experiencia operativa mas precisa y estable. Ademas, el estudio "Forward Kinematics and
Compatibility Equations of a Joystick based on a 12-6 Stewart Redundant Parallel
Mechanism"[? profundiza en las ecuaciones de cinemética directa y compatibilidad de un
joystick basado en un mecanismo paralelo redundante Stewart 12-6, proporcionando soporte
tedrico para el disefio y la optimizacion del joystick. Asimismo, el articulo "Real-time
kinematics for a 6-DOF telerobotic joystick"! investiga un algoritmo de cinematica en tiempo
real para un joystick telerobético de 6 grados de libertad, ofreciendo apoyo técnico para el

desarrollo y la aplicacion de sistemas de operacion remota.

A pesar de los avances en tecnologia de sensores, algoritmos de control y ciencia de materiales,
el rendimiento y las funciones del joystick han mejorado enormemente, pero el uso de joysticks
basados en la estructura de la plataforma Stewart ain no se ha implementado a gran escala. Las
razones incluyen el alto costo, la complejidad en el disefio y la fabricacién, y las limitaciones
en los escenarios de aplicacion del joystick con estructura de plataforma Stewart. Por ello, se

hace urgente un nuevo disefio de bajo costo.
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Sin embargo, aplicar la plataforma Stewart como dispositivo de entrada en joysticks presenta
un desafio académico significativo: la cinematica directa de esta plataforma. Resolver este
problema requiere una investigacion profunda de las caracteristicas cinematicas de la
plataforma Stewart, el establecimiento de modelos matematicos precisos y el desarrollo de
métodos de calculo eficientes para lograr un control preciso y una resolucion exacta del
movimiento del joystick. Este desafio requiere colaboracion interdisciplinaria e investigacion

teorica profunda para impulsar el desarrollo y la aplicacion de la tecnologia de joysticks.

Investigaciones tempranas como la de Innocentil® (1998) propusieron una solucion basada en
formas polindmicas, transformando el problema de la cinemética directa de la plataforma
Stewart en un sistema de ecuaciones polinémicas, proporcionando una nueva perspectiva para
la representacion intuitiva de soluciones. Posteriormente, Lee y Shim[® (2001) propusieron un
método basado en la eliminacién algebraica para resolver la cinematica directa de una
plataforma Stewart 6-6 general, demostrando una solucion eficiente y confiable. En los ultimos
afios, los investigadores han comenzado a utilizar algoritmos inteligentes para resolver el
problema de la cinematica directa, compensando las deficiencias de los algoritmos tradicionales.
Las redes neuronales, que no requieren derivar expresiones explicitas de entrada y salida, pero

deben entrenarse con grandes cantidades de datos de muestra para obtener soluciones precisas.

Este disefio se enfocara en simplificar la estructura del joystick, reduciendo el nimero de
componentes y la complejidad para disminuir los costos de fabricacion. Ademas, se optimizaran
los algoritmos de control para mejorar el rendimiento y la eficiencia del joystick, minimizando
la necesidad de hardware costoso. Simultaneamente, se buscard garantizar la efectividad

operativa, reduciendo la dependencia de sensores y actuadores de alto costo.
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3 Disefio de la Estructura Mecanica

La plataforma Stewart comdnmente emplea dos modos de transmision entre la plataforma
movil y la plataforma fija, los cuales corresponden a dos modos de medicion: el uso de

deslizadores o el uso de juntas rotativas.

3
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Figura 3.1 Diferentes tipos de plataforma Stewart.

El uso de deslizadores ofrece varios beneficios: la estructura mecéanica es mas estable, soporta
cargas mas altas, el rango de movimiento de la plataforma movil es mayor y la precision de
medicién es equilibrada. Sin embargo, los sensores para deslizadores son costosos Yy las varillas

telescOpicas tienen mayor tamafio y peso.

Por otro lado, las juntas rotativas son beneficiosas en un rango limitado de movimiento, ya que
son més sensibles a los cambios de posicion de la plataforma movil. Un pequefio movimiento
de la plataforma mdvil puede causar grandes variaciones angulares en las juntas rotativas.
Ademas, los sensores de medicion de angulos de rotacién, como encoderes y potencidmetros,
son mas comunes, tienen una alta precision de medicion, y su tamafio y peso son muy reducidos,

lo que los hace mas adecuados para nuestro joystick compacto.
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Finalmente, opté por utilizar potenciometros para medir los angulos de las seis juntas rotativas,
ya que estos incorporan amortiguacion, proporcionando soporte a la plataforma superior y

manteniendo la posicion sin aplicar fuerza externa.

Tras multiples intentos y ajustes, descubri que en la estructura de la plataforma Stewart, las
plataformas superior e inferior deben cumplir ciertas relaciones geométricas para lograr un
rango de movimiento mayor. Cuanto mas se aproximen las posiciones de las varillas a una
disposicion triangular, mas facil sera resolver la cinematica directa del sistema y mas facilmente

convergeran los resultados de la iteracion de Newton.

Especificamente, la diferencia de tamafio entre las dos plataformas no debe ser demasiado
grande, ya que de lo contrario el rango de movimiento de la plataforma movil se vera
severamente limitado. Después de pruebas y ajustes en SolidWorks, se decidié que el tamafio
de la plataforma mdvil seria aproximadamente el 50% del tamafio de la plataforma fija. La
plataforma maovil es un hexagono con un lado largo de 75 mm y un lado corto de 37,5 mm (ver
Figura 3.2), mientras que la plataforma fija (base) es un hexagono con un lado largo de 140 mm
y un lado corto de 55 mm (ver Figura 3.2). La distancia entre los puntos de articulacién en los
extremos de las varillas es de 135 mm (ver Figura 3.2). Con estas dimensiones, la plataforma

mavil superior posee un amplio rango de movimiento tanto en traslacion como en rotacion.

Figura 3.2 Base, plataforma y varilla.

Los soportes para los potenciometros se dividen en dos modelos, izquierdo y derecho, y se fijan
a la plataforma fija mediante tornillos a traves de orificios de 3 mm en la base. Los lados estan

abiertos para facilitar la instalacion de los potenciometros y la conexion de los terminales. El

Péagina 12 / 159



orificio central y el orificio cuadrado en la parte frontal sirven para fijar el potenciémetro, y la
ranura en arco limita el angulo del brazo de rotacién a +60° (ver Figura 3.3).

Figura 3.3 Soportes para potenciémetros.

El brazo del potenciémetro es una pequefia varilla con una estructura interna dentada para
acoplarse con el eje de rotacion del potenciometro. El orificio en el extremo fijard una

articulacion esférica (ver Figura 3.4).

Figura 3.4 Brazo del potenciémetro.

Para facilitar el manejo, afiadi una empufiadura que se conectara mediante tornillos y se fijara

en el centro de la plataforma mavil (ver Figura 3.5).

Figura 3.5 Empuiadura.

El ensamblaje final de la estructura mecanica se muestra a continuacion (ver Figura 3.6).
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Figura 3.6 Ensamblaje final.
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4 Diseino del Algoritmo y Programacion

Para poder realizar simulaciones en Matlab-Simulink, primero se necesita disefiar el algoritmo
en Matlab. Una vez verificado mediante simulacién, el codigo se convertira a C para su

ejecucion en un entorno Arduino. A continuacién, se muestra el diagrama de flujo del cédigo

Figura 4.1 Diagrama de flujo

final:
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4.1 ALGORITMO DE CINEMATICA DIRECTA DE LA PLATAFORMA
STEWART BASADO EN MATLAB

Como mencioné en los antecedentes, resolver la cinematica directa de un mecanismo paralelo
Stewart requiere resolver un conjunto de ecuaciones no lineales fuertemente acopladas. No
existe una solucion reconocida que equilibre la eficiencia y la precision del calculo. Los
métodos tradicionales incluyen el método analitico, el método iterativo y el método de
aproximacion numérica. Dado que finalmente resolveremos el problema en una plataforma de
baja potencia de calculo como Arduino, los calculos matematicos complejos son dificiles de
ejecutar en estos entornos con C, por lo que el método analitico no es adecuado para nosotros.
El método de aproximacion numeérica requiere discretizar el problema de cinematica directa de
la plataforma Stewart, transformandolo en una serie de sistemas de ecuaciones lineales y
resolviéndolos mediante métodos numericos. Sin embargo, esto introduce nuevos problemas
como distorsion y aumento de errores, inestabilidad del modelo linealizado y efectividad

limitada a un pequefio rango de operacion.

Finalmente, opté por usar el método de iteracion de Newton, convirtiendo el problema de
cinematica directa de la plataforma Stewart en un problema de optimizacién de ecuaciones no
lineales. Este método, aunque generalmente tiene una carga computacional mayor, es
relativamente simple en su proceso de calculo y permite ajustar la precision de la solucion y

limitar el nUmero de iteraciones, mejorando asi la capacidad de respuesta del sistema.

Simplifiqué la estructura mecanica del prototipo del joystick como se muestra en la figura
siguiente. Las plataformas superior e inferior se representan con hexagonos, los puntos de
articulacion sélidos representan juntas rotativas, y los puntos de articulacion huecos representan

juntas esféricas.
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Figura 4.2 Estructura mecanica simplificada.

Por lo tanto, los vectores de las articulaciones esféricas P; (i=1, 2, ..., 6) en la plataforma

movil en el sistema de coordenadas moviles son:

P;=[Px Py Pg]" (1)

Los vectores de las articulaciones esféricas B’; (i=1, 2, ..., 6) en el brazo en el sistema de
coordenadas fijas son:

B'; = [B’ix B’iy B’iZ]T (2)

Los vectores de los puntos centrales de los ejes de las juntas B; (i=1, 2, ..., 6) en el sistema de

coordenadas fijas son:
B; = [Bix Biy Bi]" (3)

La posicién y la orientacidn del sistema de coordenadas moviles en el sistema de coordenadas

fijas se expresan como:
Po=[0P|0]"=[% Y» Zp a [ y]"=X (4)

Donde OP es el vector de posicion del origen del sistema de coordenadas moviles en el

sistema de coordenadas fijas, y 0 es el vector de angulos de Euler alrededor de los ejes X, v, z.
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Estos seis valores desconocidos se denominan X. P; y B; estan conectados por el brazo
namero i. Se define la matriz de rotacion R del sistema de coordenadas moviles con respecto

al sistema de coordenadas fijas:

c(B)*c(y) c(y)*s(a)*s(B) — c(a) xs(y) s(a)*s(y) + c(a) = c(y) *s(B)
R = [c(B) *s(y) c(a)=*c(y)+s(a)=*s(B)*s(y) cla)=*s(B)*s(y)—c(y)*s()| (5)
—s(B) c(B) * s(a) c(a) * c(B)

En la ecuacion (5), “s” representa la funcion seno y “c” representa la funcion coseno.

Analizando individualmente un par de puntos de articulacién, se puede dibujar su relacion

vectorial en el espacio:

Figura 4.3 Relacion vectorial en el espacio.

De este modo, cuando la plataforma superior se mueve, el vector del punto de articulacion
superior P; en el sistema de coordenadas mdviles se puede transformar en el vector de ese

punto en el sistema de coordenadas fijas:

El vector del punto central del eje del potenciémetro en la plataforma inferior en el sistema de
coordenadas fijas se puede calcular a partir de las dimensiones geometricas de la plataforma

fija. Conociendo los angulos A; y los vectores de la posicion inicial del brazo del
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potenciémetro B';B; (i=1, 2, ..., 6), el vector OB’; se puede calcular mediante sus

respectivas matrices de rotacion R’; :
OB'; = OB; + R'; * B';B; (7)
Por lo tanto, podemos construir el siguiente sistema de ecuaciones de restriccion:
fiX) =|0P;— OB';| - L; (8)
fiX)=|X+RxP;—(B;+R';xB';By))| — L; )
En la ecuacién, L; es lalongitud de la i-ésima barra, donde i =1, 2, ..., 6.

El método de Newton-Raphson es un método iterativo comunmente utilizado para resolver
ecuaciones no lineales. La idea basica es transformar la ecuacion no lineal f(x) = 0 en una

ecuacion lineal para su solucion.

Sea x0 una raiz aproximada conocida de la ecuacion f(x) = 0. Entonces, la funcion f(x) en las
cercanias de x0 se puede representar y simplificar mediante un polinomio de Taylor de primer

orden como:
f(x0) + f'(x0)(x —x0) =0 (10)
Por lo tanto, podemos obtener la formula de iteracion:

S

Xn+1 = Xn f,(x )
n

(11)

En la ecuacion anterior, n representa el nimero de iteraciones, f'(x,) es la derivada de la
funcidn objetivo, que se denota como la matriz jacobiana J. Derivando ambos lados del sistema

de ecuaciones de restriccion (9), obtenemos:

of,  9fy x
f1 ox ay Z .
B B N P Y 5 ¢ (12)
fol |fe . 0fel|;

ax aay 7]
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Por lo tanto, la ecuacion de iteracion se puede reescribir como:

Xns1 =X —J\f=x,+A (13)

La iteracion es un proceso infinito, pero en la practica, solo se pueden realizar un nimero finito
de iteraciones. Para ahorrar tiempo de célculo, se requiere que la velocidad de convergencia de
la iteracion sea rapida. EI método de Newton-Raphson tiene una velocidad de convergencia
relativamente rdpida. En la aplicacion practica, si la diferencia absoluta entre los resultados de

dos iteraciones consecutivas no supera el error permitido &, es decir, si se cumple:
|Xn41 — xn| <€ (14)

Entonces, el error en la raiz verdadera x,, no superard &, y podemos tomar x,, como la raiz

de la ecuacion.
Por lo tanto, los pasos de nuestro algoritmo de solucion cinematica son los siguientes:

1. Introducir un valor inicial supuesto x0(x,y, z, a, b, g) = (0, 0, z0, 0, 0, 0), donde z0 es la altura
de la plataforma superior en la direccion del eje Z del sistema de coordenadas fijas en la posicion

inicial. Segun las dimensiones de nuestro joystick, podemos tomar el valor de zO como 20 mm,

2. Sustituir este valor inicial x0 en el sistema de ecuaciones de restriccion f y en la matriz
jacobiana J. Asi se puede resolver el valor del desplazamiento actual A, obteniendo asi la raiz
estimada x1.

3. Comparar la diferencia entre x1 y x0. Si es mayor que ¢, asignar el valor de x1 a x0 y
continuar sustituyendo en el sistema de ecuaciones de restriccion fy en la matriz jacobiana J,
hasta que la diferencia de iteracién sea menor que & o se alcance el nimero maximo de

iteraciones i_max.

Segun el principio anterior, he disefiado el cddigo de célculo basado en la biblioteca de
funciones de Matlab, adjunto como anexo A. La funcién “myfun(x0, Angle)” se utiliza para
calcular la matriz de restriccion en cada momento y en cada iteracion, y la funcion
“myJacobi(x0, Angle)” se utiliza para calcular la matriz jacobiana en cada momento y en cada

iteracion. La variable “B1p” representa B’;, “B1pB1” representa el vector B';B;, Y la funcion
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“rotationMatrix(theta, u)” puede generar la matriz de rotacion alrededor del vector unitario u

en el espacio por un &ngulo 6. La expresion del sistema de ecuaciones de restriccion en el

cadigo es:
S
norm(X + R * P1 - (Bl + Rlp * B1pBl)) - L;
norm(X + R * P2 - (B2 + R2p * B2pB2)) - L;
norm(X + R * P3 - (B3 + R3p * B3pB3)) - L;
norm(X + R * P4 - (B4 + R4p * B4pB4)) - L;
norm(X + R * P5 - (B5 + R5p * B5pB5)) - L;
norm(X + R * P6 - (B6 + R6p * B6pB6)) - L;
15

La matriz jacobiana se calcula utilizando el comando "jacobian" para obtener las derivadas

parciales del sistema de ecuaciones de restriccion f respecto a las seis variables [xp, yp, zp, a,
b, g]:

| 3 = jacobian(f, [xp,yp,zp,a,b,gl);
Con este enfoque, se garantiza la precision y la eficiencia en el calculo de la solucidn cinematica

del joystick basado en la plataforma Stewart.

4.2 CONVERSION DE LENGUAJE C BASADA EN ARDUINO IDE

Es importante destacar que las férmulas de las dos funciones mencionadas anteriormente son
muy largas y complejas, especialmente la matriz J que tiene un tamafio de 6x6 y cada término
es extenso. Para que el algoritmo de iteracion de Newton-Raphson funcione mas rapido en el
chip de Esp32 y para evitar la programacion en C de operaciones con funciones complejas, mi
método es utilizar Matlab. Considero las 6 variables independientes (Al a A6) y las 6 variables
dependientes (xp, yp, zp, a, b, g) como simbolos. A través de operaciones como derivadas
parciales e inversion de matrices, obtengo la matriz de ecuaciones de restriccion f y la matriz
jacobiana J expresadas en estas 12 variables simbdlicas. Finalmente, en el cddigo C,
simplemente sustituyo los valores de estos variables simbolicas en las matrices, lo que

simplifica enormemente los pasos de calculo.
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Ademas, se establece x0 como una variable global. De esta manera, el sistema comienza cada
iteracion desde la posicion en la que terminé la iteracion anterior. Dado que el joystick
generalmente no experimenta cambios bruscos de posicién, las posiciones resultantes de dos
muestreos consecutivos son similares, 1o que puede reducir el nUmero de iteraciones necesarias,
evitar la falta de convergencia y aumentar la frecuencia de muestreo del sistema, mejorando la
sensibilidad del control. El cdigo especifico en Arduino se puede encontrar en el anexo By D.

En este codigo, la funcion “myfun(x0, Angle, f)” se utiliza para calcular la matriz de ecuaciones
de restriccion f en la posicion x0 y con los angulos actuales de los brazos “Angle”. La funcion
“myJacobi(x0, Angle, J)” se utiliza para calcular los valores de cada término de la matriz
jacobiana (J[0],...,J[35]). Luego, se construye una matriz de 6x6 con estos datos y se guarda en

la matriz jacobiana.

float Jacobi[N][N] = {
{3[e], 3[6], J[12], J[18], J[24], I[30]},
{3[1], 3[7], 3[13], 3[19], 3[25], I[31]},
{3[2], 3[8], 3J[14], 3J[20], I[26], 3[32]},
{3031, 3[91, 3I[15], 3[21], 3[27], 3I[331},
{3[4], J[10], 3I[16], 3[22], 3[28], J[34]},
{3[51, 3[11], 3[17], 3[23], 3[29], 3I[35]}
¥
Ademas, he definido la funcion “inverseMatrix(Jacobi, Jacobi_inv)” para calcular la matriz

inversa de la matriz jacobiana y la funcién “matrixVectorMultiplication(Jacobi_inv, f, delta_x)”
para calcular la multiplicacion de matrices. Juntas estas dos funciones realizaran J \ f,

obteniendo asi delta_x (A).
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5 Simulacion y Comprobacion

El proposito de la simulacién es verificar la viabilidad del disefio mecanico y del disefio de
algoritmos, optimizar el esquema original, descubrir problemas y errores potenciales, y
resolverlos con anticipacion. Matlab-Simulink puede lograr perfectamente nuestros objetivos
de simulacion. No solo puede ejecutar cdédigo Matlab, sino que tambien, con el modulo
Simscape Multibody, podemos importar las piezas 3D disefiadas en Solidworks a Simulink y

ensamblarlas.

5.1 SIMULACION DE MOVIMIENTO DEL JOYSTICK

Primero, necesitamos establecer el entorno fisico del sistema de resolucién, incluyendo la
aceleracion de la gravedad, el método de calculo del algebra lineal, el nimero de iteraciones no

lineales, etc., y conectar esta parte con el sistema de coordenadas de referencia de la base O.

flx)=0p

Solver Er B3

Configuration

——B5 B4

World Frame

B1 BE
#*i\“ o B2
Mechanism Basel

Configuration

Figura 5.1 Entorno fisico del sistema.

A continuacion se muestra la interfaz de importacion de la base (plataforma fija). Segun el
material, su densidad es aproximadamente de 1.18 g/cm3. Ademas, es necesario agregar nuevos
sistemas de coordenadas en los orificios de los soportes de los potenciometros, para conectarlos

con los brazos de los potenciémetros giratorios. Para establecer todas las posiciones iniciales
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de los brazos en una posicion horizontal, unificamos la definicion del sistema de coordenadas

con el eje Z como el eje de rotacion, apuntando hacia fuera desde el interior del orificio, el eje

X horizontal y el eje Y vertical hacia arriba.

[ File Solid : Base2

= O X

Description

Represents a solid whose geometry, material and visual properties are read
from a file which could be of CATIA, NX, SclidEdge and other formats. See
reference page for the full list of formats supported. The File Selid block
obtains the inertia from the geometry and density, from the geometry and
mass, or from an inertia tensor that you specify.

In the expandable nodes under Properties, select the types of inertia, graphic
features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with the
geometry. Each additional created frame generates another frame port.

2hevtaledaagno @|-

Properties
File Name PIEZAS\BASE_Pequefia_Matlab.stp
Unit Type From File v
Type Calculate from Geometry v
Based on Custom Density v
Density 1.18 |g/ecm*3 v iCompiIe-time v
(¥l Derived Values Update {
L+

v

K| |Cancel| |Help| Apply

Figura 5.2 Interfaz de importacion de la base.

Luego, conecte los sistemas de coordenadas de seguimiento de cada eje de rotacion con los

sistemas de coordenadas de referencia de las juntas rotatorias, y luego conecte los sistemas de

coordenadas de seguimiento de las juntas rotatorias con los brazos.

Revolute1

e

MA1

Brazo1

Figura 5.3 Conexion junta rotatoria y brazo.

Podemos agregar mas configuraciones a las juntas rotatorias para que los resultados de la

simulacion se ajusten mas a la realidad. Por ejemplo, un coeficiente de amortiguamiento de

0.0001 N*m/(deg/s) hara que el movimiento del sistema se ajuste mas a las leyes fisicas reales.
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Segun el disefio de la estructura mecénica anterior, el &ngulo de rotacién esta limitado a £60
grados. En la opcidn de sensores, seleccione la opcidn de posicion para poder medir el angulo

de rotacion de los potenciometros A1~A6.

Block Parameters: Revolutel >
Revolute Jeint [~] Auto Apply @
Settings Description
~
“ I Revolute Primitive (Rz)
» State Targets
* Internal Mechanics
Equilibrium Position 0 deg ~ | Compile-time
Spring Stiffness 0 MN*m/deg ~ | Compile-time
Damping Coefficient 0.0001 M*my[deg/s) ~ | Compile-time
¥ Limits
Specify Lower Limit
Bound -60 deg ~ | Compile-time
Spring Stiffness 1ed N*m/deg ~ | Compile-time
Damping Coefficient 10 N*my[deg/s) ~ | Compile-time
Transition Region Width 0.1 deq ~ | Compile-time
Specify Upper Limit
Bound 60 deq ~ | Compile-time
Spring Stiffness 1e4 N*m/deg ~ | Compile-time
Damping Coefficient 10 M*my/[degss) ~ | Compile-time
Transition Region Width 0.1 deg ~ | Compile-time
¥ Actuation
Torgue MNone ~
Motion Automatically Computed <
¥ Sensing
Pasition
[ velocity
[1 srceleration x

Figura 5.4 Configuraciones a las juntas rotatorias.

Las barras conectadas a las juntas rotatorias también deben configurarse en términos de
densidad y sistemas de coordenadas. EI modelo utilizado aqui es diferente del disefio

mencionado anteriormente, ya que después de completar la simulacion se optimizo el disefio de
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las piezas, aunque las dimensiones basicas no han cambiado mucho y la forma especifica no

afecta la simulacion en este contexto.

|4 File Solid : Bielal == O X

Dt zhleo+tald @I ed @b

Represents a solid whose geometry, material and visual properties are read
from a file which could be of CATIA, NX, SolidEdge and other formats. See
reference page for the full list of formats supported. The File Solid block
obtains the inertia from the geometry and density, from the geometry and
mass, or from an inertia tensor that you specify.

In the expandable nodes under Properties, select the types of inertia, graphic
features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with the
geometry. Each additional created frame generates another frame port.

Properties

File Name PIEZAS\BIELA_Matlab.stp

From File
Type Calculate from Geometry v
Based on Custom Density v
Density 1.5 g/cm*3  |Compile-time |
i+ u e |
4| p

v

Figura 5.5 Interfaz de importacion del brazo.

Luego, fije el punto de pivote inferior de la barra con el brazo mediante una roétula. Utilice otra

rotula para fijar el punto de pivote superior de la barra con la rétula de la plataforma movil.

[3) File Solid : Varilla1 - [m] X
Description 2hlewtaQl A odITH I @|L

Represents a solid whose geometry, material and visual properties are read
from a file which could be of CATIA, NX, SolidEdge and other formats. See
reference page for the full list of formats supported. The File Selid block
obtains the inertia from the geometry and density, from the geometry and
mass, or from an inertia tensor that you specify.

In the expandable nodes under Properties, select the types of inertia, graphic
features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with the
geometry. Each additional created frame generates another frame port.

Properties

File Name PIEZAS\VARILLA_Matlab.stp

From File
Inertia
Type Calculate from Geometry v
Based on Custom Density v
Density 7.85 g/cm”3 v |Compile—time v
& U
4| p

v
(0K [concel| [Hep! Ape
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Figura 5.6 Interfaz de importacion de la varilla.

El sistema de coordenadas de los puntos de pivote de las rétulas de la plataforma movil se define

de la misma manera, con el eje Z apuntando hacia afuera y el eje X en posicion horizontal.

[3) File Solid : Basel = o %
DT 2hectAlX @AIIH T #|-

Represents a solid whose geometry, material and visual properties are read
from a file which could be of CATIA, NX, SolidEdge and other formats. See
reference page for the full list of formats supported. The File Solid block obtains
the inertia from the geometry and density, from the geometry and mass, or
from an inertia tensor that you specify.

In the expandable nodes under Properties, select the types of inertia, graphic
features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with the
geometry. Each additional created frame generates another frame port.

Properties
File Name PIEZAS\PLATAFORMA_Matlab_75.stp
Unit Type From File ~
[+] Export
Type Calculate from Geometry v
Based on Custom Density v
Density 1.18 |g/cm*3 « |Compile-time
Derived Values ' \ Update
-+
v

K| [Cancel| [Help| Apply

Figura 5.7 Interfaz de importacion de la plataforma movil.

Finalmente, una vez que todas las articulaciones estdn conectadas, obtenemos un sistema de
simulacion en Simscape como se muestra en la siguiente imagen, y lo creamos como un
subsistema llamado "JOYSTICK". Para controlar el proceso de simulacion y monitorear los
resultados, ingresamos una fuerza externa en el centro del sistema de coordenadas de la
plataforma superior. Este modulo de fuerza leera 6 sefiales de entrada, que son las fuerzas a lo
largo de los ejes X, y, z y los momentos de torsion alrededor de los ejes X, y, z (ver figura 5.10).
Ademas, mediremos la diferencia entre las coordenadas de la plataforma movil y la plataforma
fija, es decir, la pose de la plataforma movil, para comparar los resultados de la simulacién con

los célculos iterativos.
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Figura 5.8 Joystick en Simscape.

Figura 5.9 Bloques Simscape del joystick.
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Figura 5.10 Sefales de entrada para fuerzas y torques.

He disefiado un modulo de “Fuerza Externa” para facilitar el ajuste intuitivo de estas fuerzas
externas en la simulacion. Utilicé una mascara como se muestra en la Figura 5.11 para ello. El

scope en la imagen siguiente se utiliza para registrar los datos de fuerza en cada momento.

T
’ {1

mazf—

2 e L A3 —

3 iz . MAdE—

i P s

A |—
5 Lty

Protation ——
3 A >tz

Poayz |—

FUERZA EXTERNA JOYSTICK

—

¥ ¥ ¥ ¥ v ¥

Figura 5.11 Entradas de la simulacién.
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Block Parameters: FUERZA EXTERMA X
b Fuerza externa
Fuerza y torgue
Fuerza en X FuerzaenY Fuerza en Z
10.0 10.0 10.0
» » »
-10.0 -10.0 -10.0
Torgue en X Torgue en Y Torgue en Z
V4 Y -/ - V4 N\
- || - || - -
1 J - Y J - i)
, Y, : ,
- / : A _,,_/ ) - _,._/ .
-10.0 10.0 -10.0 10.0 -10.0 10.0
Cancel Help Apply

Figura 5.12 Mascara para fuerzas externas.

Luego, importé los &ngulos de los 6 potenciometros A1~A6 medidos en el sistema “JOYSTICK”
y los converti de radianes a grados antes de ingresarlos en la funcion de “Newton_Iteration”.
Ademas, las coordenadas de la plataforma maévil medidas se convirtieron a milimetros (Px, Py,
Pz), y los angulos de Euler se convirtieron a radianes (Pa, Pb, Pg) antes de compararlos con X

calculado mediante la iteracion de Newton.
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Figura 5.13 Salida de la simulacién.

5.2 COMPARACION DE LOS RESULTADOS DE LA SIMULACION

Durante un tiempo de ejecucion de 90 segundos, realicé las siguientes entradas de fuerza y

torque, medidas en unidades de N o Nm.

Fuerzas aplicadas

Fx

_Fy

—
Tx
Ty
Tz

[

]
—

Fuerza ! Targque (N} / (Nm}
=
]
=

0 10 20 30 40 50 &0 70 20 20
Offset=0 Tiempo (s)

Figura 5.14 Fuerzas aplicadas.

Al comparar la posiciéon y la orientaciéon en cada momento, obtuvimos la situacion de

seguimiento representada en la figura 5.15.
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ion de pasiciones medidas y
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Figura 5.15 Seguimientos de posiciones y orientaciones.

Se puede observar que el joystick, en la mayoria de los casos, puede calcular perfectamente el
resultado de la coordenada z y los angulos de rotacion alrededor de los ejes X, Y, z, obteniendo
resultados casi idénticos a los reales, con dos curvas casi superpuestas. Sin embargo, a veces
también puede haber cierta desviacion, especialmente en las coordenadas x e y calculadas, que
son muy susceptibles a la interferencia del torque de entrada.

Ademas, al observar el nUmero de iteraciones "it" en cada ciclo, se puede confirmar que, a
medida que la posicion de la plataforma se vuelve mas compleja y se aleja mas de la posicion

inicial, el nimero de iteraciones necesarias para que los resultados converjan también aumenta.
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6 Ensamblaje y Verificacion de Funcionamiento

6.1 COMPONENTES DEL JOYSTICK Y PROCESOS DE MONTAJE

Este joystick utiliza 6 potenciémetros con brazos y varillas para conectar la base y la plataforma
superior. Las partes especificas incluyen: la base (plataforma fija), 6 soportes de potenciémetro,
6 potencidmetros, 6 brazos de potenciometro, 12 juntas esféricas, 6 varillas, la plataforma movil
superior y una empufiadura. Las plataformas superior e inferior estan cortadas de material de
metacrilato, la empufiadura, los soportes y los brazos de los potenciémetros fueron disefiados
por mi y fabricados mediante impresion 3D, y las juntas esféricas y las varillas fueron
compradas.

El modelo de potenciometro que utilicé es el B10K, con una resistencia de 10KQ. Tiene 3 pines:
los extremos se conectan al VCC y GND, respectivamente, y el pin central proporciona un valor

de voltaje variable segun la resistencia.

Figura 6.1 Potenciometro B10K.

Para la plataforma embebida, existen varias opciones como Raspberry Pi, STM32, y la serie
Arduino. Finalmente, elegi el Esp32-WROOM-32, que tiene una velocidad de CPU de hasta
2,4 GHz, ademas de mddulos de comunicacion WIFI y Bluetooth integrados, y es compatible
con el entorno de desarrollo de Arduino IDE. Esto proporciona la capacidad de calculo

necesaria para las operaciones de iteracion de Newton de ecuaciones altamente no lineales.
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Figura 6.2 Esp32-WROOM-32.

A continuacion, mostraré paso a paso como ensamblar este joystick.

1. Montaje de los soportes de los potenciometros:

- Inserte dos tornillos M3 para fijar cada soporte de potenciémetro.

- Alinee el soporte con los orificios de fijacion y apriete las tuercas en la parte inferior para

asegurarlo.

L
1 RN
Figura 6.3 Montaje de los soportes de los potenciometros.

- Repita este proceso hasta completar el montaje de todos los soportes de potenciometros.
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2. Instalacion de los potenciometros:

- Inserte cada potenciometro en su soporte, asegurandose de alinear correctamente los

orificios de posicionamiento y las ranuras.

- Los tres pines del potenciometro deben sobresalir por el costado para facilitar el cableado
posterior.

- Alinee la ranura del brazo del potenciometro con el eje del potenciémetro y asegurese de

que el extremo del brazo encaje en la ranura del soporte.

- Fije una junta esféerica en el extremo del brazo.

Figura 6.4 Instalacion de los potenciémetros.

- Repita este proceso 6 veces para completar el montaje de la base.

3. Montaje de la plataforma superior:

- Fije el mango en la parte superior de la plataforma movil usando tornillos M5.

- Conecte el extremo superior de cada varilla a la plataforma movil usando tornillos M3y
arandelas, asegurando las juntas esféricas en los lados de la plataforma.
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Figura 6.5 Montaje de la plataforma superior.

- Repita este proceso 6 veces para completar el montaje de la plataforma maévil y las varillas.

4. Conexion de la base y la plataforma movil:

- Conecte el extremo inferior de cada varilla a los brazos de los potenciémetros en la base.

- Finalmente, conecte todos los pines de los potenciémetros a los pines correspondientes

del Esp32 usando cables.

Figura 6.6 Aspecto final de la estructura montada.
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El aspecto final de la estructura montada se muestra en la Figura 6.6.

6.2VERIFICACION DE FUNCIONAMIENTO DEL JOYSTICK

Para asegurarnos de que el joystick funciona correctamente, es necesario verificar paso a paso
que cada componente funcione de manera adecuada. A continuacién, se describen los pasos

necesarios para realizar esta verificacion:

1. Verificacion de movimiento de los potenciometros:

- Asegurese de que los brazos de los potenciémetros solo puedan girar dentro de un rango
de £60°.

- Verifique que la plataforma movil pueda moverse libremente.

2. Conexion del Esp32 y lectura de datos:

- Conecte el Esp32 a la computadora mediante un cable USB.

- Use el monitor serial del Arduino IDE para leer los valores de los potenciometros y los

convierta en angulos.

3. Calibracion de los potenciometros:

- Mueva los brazos de los potenciémetros a sus posiciones extremas y lea los valores

obtenidos.
- Utilice la funcién “mapFloat” para convertir estos valores a angulos en el rango de £60°.

- Ajuste los parametros de la funcidon “mapFloat” si es necesario para corregir cualquier

desviacion.

4. Verificacion del calculo de la posicion de la plataforma superior:

- Verifique que los calculos de posicion de la plataforma superior sean correctos

comparando los resultados con los valores esperados.
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- Ajuste los parametros de calculo si es necesario para corregir cualquier desviacion.

Serial Monitor

MNew Line - || 1152

9, -40. 21, -21.43, 24,36,

30, —40. 08,

4,92, —40.80, -21.11, Z4.25h,

Figura 6.7 Imprimir resultados por Serial Monitor.

Siguiendo estos pasos, podra asegurarse de que el joystick esté ensamblado y funcione

correctamente.

Péagina 38 / 159



7 Aplicacion Integrada

Finalmente, mostraré el desempefio operativo del joystick en dos escenarios diferentes:
controlando una plataforma Stewart en un entorno virtual basado en Simulink-Simscape y

controlando una plataforma Stewart en un entorno fisico real.

7.1 ENTORNO VIRTUAL

Esta parte se basa en el proyecto de TFM de Diego Nieves titulado "DISENO E
IMPLEMENTACION DE UNA PLATAFORMA STEWART". He agregado un médulo de
recepcion serial para leer las sefiales de entrada del joystick. EI mddulo de la funcion
"parseSerialData™ puede leer 24 bytes (4 bytes * 6) de datos en serie y convertir cada 4 bytes
en un numero de float. Los tres primeros nimeros de punto flotante representan las coordenadas
X, Y, Z, Yy los tres Gltimos representan los angulos de Euler a, b, g. Dado que Diego uso radianes

para los &ngulos de Euler, aqui se utiliza una conversion de /180 para cambiar las unidades.

COM6
Baud rate : 115200

COM6  Data >y 4 y
parseSerialData

Figura 7.1 Médulo de recepcion serial.

Se conecta el resultado de este mddulo con el modulo de referencia existente a traves de un
interruptor, y se alimenta la entrada al médulo Simscape de la plataforma Stewart. Finalmente,
se utilizan dos monitores para mostrar los valores de referencia y los valores reales de la

posicion de la plataforma superior.
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Figura 7.2 Sistema entero para simular el funcionamiento del joystick.

Para comparar de manera intuitiva las posiciones de ambas plataformas en cada momento y
analizar la precision del seguimiento del sistema, descompuse los datos de posicion en 6 grados
de libertad y comparé los valores individualmente. Los resultados se muestran en la figura 7.4.

| O
m m
— —‘
—|PLAT
= ’ | | +I7
| 11 W*

[
SEMSORES POSICION REAL | [ Ii

— e >!

YYYYYY

POSICION OBJETIVO

1]
T

Figura 7.3 Comparacion de valores individualmente.

Durante el periodo de ejecucion, intenté movimientos lentos y rapidos, asi como situaciones

que excedian los limites de posicion de la plataforma controlada.
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Figura 7.4 Seguimientos en 6 grados de libertad.

En la figura a continuacién, se muestra la imagen de seguimiento de los primeros 8 segundos.
Se puede observar que la plataforma controlada puede seguir el movimiento del joystick sin
error de posicion significativo, aunque con un retraso de aproximadamente 50 ms. Esto indica
que dentro del rango de movimiento realizable de la plataforma controlada, el sistema tiene un
buen rendimiento de control. El retraso se debe principalmente al tiempo necesario para que
Simulink calcule los &ngulos de rotacion de los motores y para que Simscape genere la

animacion de simulacion basada en estos angulos.
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Figura 7.5 Seguimientos en 6 grados de libertad de 0 a 8 segundos.

Durante los 8 a 18 segundos posteriores, generé sefiales de entrada mas complejas con el
joystick, como desplazamientos de hasta £60 mm en el eje X e y, rotaciones de hasta +15°

alrededor de los ejes x e y, y movimientos de vaivén rapidos.

Seguimiento de posiciones Seguimiento de orientaciones
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Figura 7.6 Seguimientos en 6 grados de libertad de 8 a 18 segundos.

Se puede observar que la plataforma controlada tiene un rango de movimiento mas pequefio
(tanto en traslacién como en rotacion). Cuando la entrada de posicién de referencia excede el
limite de la plataforma controlada, el algoritmo de célculo de los angulos de los servos
automaticamente satura los resultados para evitar dafios en la estructura de la plataforma. En
estos casos, la plataforma controlada se mueve a la posicion mas cercana dentro de su rango de
movimiento. Ademas, cualquier referencia de movimiento que exceda el limite en un grado de
libertad puede reducir la precision del seguimiento en otros grados de libertad, como se observa
entre los segundos 9 y 10, donde la referencia excesiva en los ejes x e y afecta el seguimiento

en el eje z. Lo mismo ocurre con los angulos de Euler.

Al mover rapidamente el joystick de un lado a otro, la plataforma controlada tampoco puede
sequir perfectamente. Entre los segundos 16 y 17, aunque la plataforma Stewart realiza
movimientos de vaivén en la misma direccién, la amplitud es mucho menor. Esto se debe a que

la velocidad de movimiento del joystick excede la velocidad maxima de movimiento de la
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plataforma en el entorno de simulacion, como se evidencia por la pendiente de la linea roja
siendo menor que la de la linea azul. Ademas, el retraso de aproximadamente 50 ms en el

entorno de simulacion amplifica el periodo de muestreo real del sistema.

En resumen, las pruebas muestran que el hardware del joystick puede alcanzar un periodo de
muestreo T=10 ms, con una frecuencia de muestreo del sistema de 100 veces por segundo.
Después de cada muestreo, solo se necesitan de 2 a 20 iteraciones (dependiendo de la velocidad
de movimiento del joystick) para calcular la nueva posicion, ya que un movimiento mas lento
del joystick reduce el cambio de posicidn entre muestreos consecutivos, disminuyendo asi el
namero de iteraciones necesarias. Sin embargo, también descubri que la simulacién en Matlab
no puede realizarse en tiempo real debido al retraso notable en el modelo de Simscape. Cuando
el joystick se mueve a su posicién limite, la plataforma Stewart controlada a veces no puede
alcanzar exactamente la misma posicion, ya que las estructuras mecanicas de los dos
dispositivos no son completamente idénticas. La plataforma superior del joystick tiene un rango
de movimiento mayor en comparacion con la plataforma controlada, por lo que cuando la
plataforma controlada no puede alcanzar la posicion exacta, se mueve lo mas cerca posible del

objetivo.

7.2 ENTORNO FiSICO REAL

En esta parte, también me baso en el proyecto de tesis de Diego Nieves, titulado "DISENO E
IMPLEMENTACION DE UNA PLATAFORMA STEWART". Los datos son procesados por
un Arduino Due, mientras que un Adafruit PWM Servo Driver controla los 6 servomotores,
alimentados por 4 pilas AA. Sobre esta base, modifiqué el mddulo de recepcidn serial para
agregar comunicacion serial directa entre dos plataformas embebidas utilizando TX1y RX1 de
Seriall.

Los codigos de las versiones correspondientes son Anexo D (Cédigo de la programacion
Joystick _entorno_real de Arduino) y Anexo E (Cédigo de la programacion P_Stewart_serial de
Arduino). Estos permiten que la plataforma Stewart controlada reciba los datos calculados por
el joystick y los traduzca en movimientos de la plataforma en 6 grados de libertad. Los datos se
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envian como 24 bytes (6 flotantes), luego son convertidos nuevamente en 6 flotantes por el
Arduino de la plataforma Stewart, el cual realiza un proceso de saturacion y calcula los angulos

de rotacidn necesarios para los motores, conduciéndolos a la posicidn deseada.

Para asegurar la eficiencia y fiabilidad de la transmision de datos, se agreg6 un encabezado y
un valor de longitud al principio de cada paquete de datos, asi como un valor de verificacion y
un marco final al final. Si se recibe un paquete de datos que no cumple con la longitud esperada,

la verificacion o no se recibe el marco final, ese paquete se desechara.

La saturacion implica verificar si las 6 dimensiones de la posicion recibida estan dentro del
rango aceptable de la plataforma controlada. Si alguna dimension supera los limites, se ajustara
al valor maximo permitido. Los valores limite estan basados en las simulaciones anteriores en
Simulink. Después del tratamiento de saturacion y de calcular los angulos de rotacion
necesarios para cada servomotor, también se limitan estos angulos entre -r/4 y 7/3 para asegurar

que los motores se mantengan en posiciones razonables.

Las siguientes imagenes muestran los monitores seriales del dispositivo de envio y del
dispositivo de recepcion. Podemos ver que, tras recibir correctamente los datos, el valor "posx”

se ha ajustado de -29.35 a -25 después del tratamiento de saturacion.

Output  Serial Monitor

[OSX:

po

Figura 7.7 Monitores seriales del dispositivo de envio y del dispositivo de recepcion.

Una vez que los dispositivos funcionan correctamente, pueden operar de manera independiente

sin necesidad de una PC, utilizando una bateria portatil para alimentar ambas plataformas
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integradas. Se puede observar que la plataforma controlada se mueve proporcionalmente con

los movimientos del joystick, hasta alcanzar sus limites.

Figura 7.8 Funcionamientos caso dentro y fuera del rango de movimiento.

La Figura 7.8 nos muestra dos situaciones de funcionamiento. A la izquierda, cuando la
posicion del joystick esta dentro del rango de movimiento de la plataforma controlada, ambas
estan en la misma posicion. A la derecha, cuando el joystick rota significativamente en sentido
horario alrededor del eje z, la plataforma controlada intenta girar en la misma direccion, pero

no puede alcanzar la misma posicion.

En resumen, el sistema ha demostrado ser eficaz tanto en simulaciones virtuales como en
aplicaciones fisicas reales. La integracion de hardware y software ha permitido un control
preciso y eficiente del joystick sobre la plataforma Stewart, proporcionando una base sélida

para futuras mejoras y aplicaciones préacticas.
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8 Conclusién

El objetivo principal de este proyecto fue desarrollar un prototipo de joystick con 6 grados de
libertad para controlar una plataforma Stewart. Este joystick debia ser capaz de moverse de
manera flexible en un espacio tridimensional, permitiendo un control eficiente de la plataforma

mediante la modificacion manual de sus tres posiciones y tres orientaciones.

El proyecto se dividié en dos fases principales. En la primera fase, se desarrollé un modelo de
simulacion del joystick utilizando Simscape Multibody para verificar su funcionamiento. Se
implement6é un algoritmo de cinematica directa para calcular con precision la actitud del
joystick, y se validd su correcto funcionamiento mediante el modelo de simulacion desarrollado.
Esta fase permitié identificar y corregir errores potenciales en el disefio y el algoritmo antes de

pasar a la implementacién fisica.

En la segunda fase, se llevd a cabo la implementacion fisica del prototipo empleando Arduino
(Esp32) como dispositivo de control. El joystick real se utilizo para controlar el prototipo de la
plataforma Stewart tanto en un entorno virtual como en un entorno fisico, basado en un TFM
anterior. Esta fase incluy6é la integracion de componentes electrénicos y mecéanicos, la

programacion del controlador y la realizacion de pruebas para ajustar y calibrar el sistema.

A lo largo del desarrollo, se lograron cumplir la mayoria de los objetivos establecidos. El
joystick demostrd ser funcional y capaz de operar la plataforma Stewart en las condiciones
previstas. Sin embargo, también se identificaron algunos desafios y limitaciones que afectaron
el desempefio del sistema.

Entre los principales problemas encontrados se destacaron la precision en la resolucion de las
ecuaciones y los errores derivados de diversas causas. En primer lugar, la calibracion de los
sensores fue un factor critico; a pesar de ser calibrados después de la instalacion, los
potencidmetros pueden perder precision con el tiempo y el uso continuo, y sus lecturas pueden
verse afectadas por interferencias ambientales y variaciones de voltaje. Ademas, el modelo de
simulacion se baso en mediciones manuales de dimensiones, lo que inevitablemente introduce

imprecisiones que pueden amplificarse a lo largo de las iteraciones del calculo.
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La sensibilidad del método de Newton-Raphson a los valores iniciales también contribuy6 a los
errores, especialmente cuando el joystick se alejaba de la posicion central. Durante el
movimiento del joystick, componentes como las bielas pueden deformarse ligeramente,
afectando la precision del calculo de la posicion. La disponibilidad de suficiente energia en las
baterias fue otro factor importante; una potencia insuficiente puede afectar el rendimiento del

sistema.

Por ultimo, si la velocidad de movimiento del joystick excede la velocidad del calculo iterativo,
los resultados del calculo pueden distorsionarse. Todos estos factores influyeron en la exactitud

del control y en la fiabilidad del sistema, que no alcanzé los niveles esperados.

En conclusion, aunque el proyecto logré desarrollar un prototipo de joystick funcional y se
cumplieron los objetivos fundamentales, los problemas de precision y los errores observados
indican que se requiere una mayor optimizacion del disefio y de los algoritmos de control para

mejorar la fiabilidad y el rendimiento del sistema en aplicaciones futuras.
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10 Anexos

m O o w »

Codigo de la funcion Newton_iteration de Matlab

Codigo de la programacion Joystick entorno_virtual de Arduino
Codigo de la funcion parseSerialData de Matlab

Cadigo de la programacion Joystick_entorno_real de Arduino

Codigo de la programacion P_Stewart_serial de Arduino
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A.Codigo de la funcion Newton_iteration de Matlab

function [Out, x@, it] = Newton_Iteration(x@, Angle)

% Newton_Iteration: Realiza la iteracidén de Newton para encontrar la solucidn

de posiciones del Joystick.

end

% x0: Vector de valores iniciales.

% Angle: Angulos de potencidmetros.

5 Out: Vector de salida que contiene la solucidén final.
4 it: Numero de iteraciones realizadas.

= x0; % Inicializar la salida con el valor inicial
i =1; % Contador de iteraciones

i_max = 1000; % Numero maximo de iteraciones permitidas
delta_x = [0;0;10;0;0;0]; % Inicializar delta_x

Xp = x0 + delta_x; % Valor inicial de xp

% Bucle de iteracidén de Newton

while norm(xp - x@) > le-5 &% i < i_max
X0 = xp; % Actualizar x@
f = myfun(x@, Angle); % Calcular la ecuacidn restricciones
J = myJacobi(x@, Angle); % calcular la matriz jacobiana
delta_ x = -3 \ f; % Calcular el incremento de x
Xp = x0 + delta_x; % Actualizar xp
i=14+1; % Incrementar el contador de iteraciones

end

it = i; % Asignar el numero de iteraciones realizadas
Out = xp + [0;0;109.3;0;0;0.05]; % Calcular la salida final ajustada

function £ = myfun(x,Angle)
xp=x(1);

yp=x(2);

zp=x(3);

a=x(4)/180*pi;%a,b,g en radianes
b=x(5)/180*pi;

g=x(6)/180*pi;

Al=Angle(1);
A2=Angle(2);
A3=Angle(3);
Ad=Angle(4);
A5=Angle(5);
A6=Angle(6);

'F:

[

(abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(15*sin((pi*A1)/180) - zp +

(229*sin(b))/5 - (1043*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 + 327/20)"2 +
abs(xp + 15*cos((pi*Al1l)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
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(3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 - 2743/100)72)~(1/2) - 100;

(abs(yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(zp + 15*sin((pi*A2)/180) +
(2293*sin(b))/50 + (1@43*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 - 327/20)"2
+ abs(xp - 15*cos((pi*A2)/180) + (1@43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)"2)~(1/2) - 100,

(abs(xp + (231*cos((pi*A3)/180))/80 + (1@43*sin(a)*sin(g))/10 -
(23989*3~(1/2)*(cos((pi*A3)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)"2 + abs(yp +
(71967*cos ((pi*A3)/180))/4000 - (231*3~(1/2)*(cos((pi*A3)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 + 30713/4000)"2 +
abs(zp + (231*sin((pi*A3)/180))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((pi*A3)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)~2)~(1/2) - 100;

(abs(xp + (531*cos((pi*A4)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((pi*A4)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)"2 + abs(zp + (531*sin((pi*A4)/180))/40
+ (107*sin(b))/10 + (199*3~(1/2)*sin((pi*A4)/180))/200 + (1043*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)"2 + abs((597*cos((pi*A4)/180))/400 - yp +
(531*3~(1/2)*(cos((pi*A4)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)"2)"(1/2) - 100;

(abs(xp - (531*cos((pi*A5)/180))/80 + (1043*sin(a)*sin(g))/10 -
(199*37(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)~2 + abs((597*cos((pi*A5)/180))/400 -
yp + (531*37(1/2)*(cos((pi*A5)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1043*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)72 + abs((531*sin((pi*A5)/180))/40 - zp
+ (54*sin(b))/5 + (199*3~(1/2)*sin((pi*A5)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)"2)~(1/2) - 100;

(abs(xp - (231*cos((pi*A6)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((pi*A6)/180) - 1))/4000 + (1l4l1l4*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)"2 + abs(yp +

(71967*cos ((pi*A6)/180)) /4000 - (231*3~(1/2)*(cos((pi*A6)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)"2 +
abs(zp - (231*sin((pi*A6)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((pi*A6)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)7*2)~(1/2) - 100;

15

end
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function J = myJacobi(x,Angle)

xp=x(1);

yp=x(2);

zp=x(3);

a=x(4)/180*pi;%a,b,g en radianes
b=x(5)/180*pi;

g=x(6)/180%pi;

Al=Angle(1);
A2=Angle(2);
A3=Angle(3);
Ad=Angle(4);
A5=Angle(5);
A6=Angle(6);

)= [

(abs(xp + 15*cos((pi*A1)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 - 2743/100)*(xp + 15*cos((pi*Al)/180) +
15*cos((pi*(A1))/180) + (xp) + (1043*sin(a)*sin(g))/10 + (229*cos((b))*cos((g)))/5
- (3891*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10
+ (3891*cos(g)*sin(a)*sin(b))/100 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(3891*cos((g))*sin((a))*sin((b)))/100 - 2743/50))/(2*((xp + 15*cos((Al*pi)/180) +
(1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3891*cos(g)*sin(a)*sin(b))/100 -
2743/100)*(15*cos((pi*(A1))/180) + (xp) + (229*cos((b))*cos((g)))/5 -
(3891*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3891*cos((g))*sin((a))*sin((b)))/100 -
2743/100) )~ (1/2)*(abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(15*sin((Al*pi)/180) - zp +
(229*sin(b))/5 - (1043*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 + 327/20)"2 +
abs(xp + 15*cos((Al*pi)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1@43*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 -

2743/100)72)"(1/2)),

(abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(yp + (yp) +
(3891*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 +
(229*cos((b))*sin((g)))/5 + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (3891*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3891*sin(a)*sin(b)*sin(g))/100 +
(1e43*cos((a))*sin((b))*sin((g)))/10 - 3643/25))/(2*((yp +
(3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp)
+ (3891*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 +
(229*cos((b))*sin((g)))/5 + (3891*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos((a))*sin((b))*sin((g)))/10 - 3643/50))"(1/2)*(abs(yp +
(3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 +
abs(15*sin((A1*pi)/180) - zp + (229*sin(b))/5 - (1043*cos(a)*cos(b))/10 -

Pagina 53 / 159



(3891*cos(b)*sin(a))/100 + 327/20)"2 + abs(xp + 15*cos((Al*pi)/180) +
(1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3891*cos(g)*sin(a)*sin(b))/100 -
2743/100)72)"~(1/2)),

(abs(15*sin((pi*A1)/180) - zp + (229*sin(b))/5 - (1043*cos(a)*cos(b))/10 -
(3891*cos(b)*sin(a))/100 + 327/20)*(zp - (229*sin((b)))/5 - 15*sin((pi*A1)/180) -
15*sin((pi*(A1))/180) - (229*sin(b))/5 + (zp) + (1@43*cos((a))*cos((b)))/10 +
(3891*cos((b))*sin((a)))/100 + (1043*cos(a)*cos(b))/10 + (3891*cos(b)*sin(a))/100
- 327/10))/(2*¥(-(zp - 15*sin((Al*pi)/180) - (229*sin(b))/5 +
(1043*cos(a)*cos(b))/10 + (3891*cos(b)*sin(a))/100 - 327/20)*((229*sin((b)))/5 +
15*sin((pi*(A1))/180) - (zp) - (1@43*cos((a))*cos((b)))/10 -
(3891*cos((b))*sin((a)))/100 + 327/20))"~(1/2)*(abs(yp + (3891*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(15*sin((Al*pi)/180) - zp +
(229*sin(b))/5 - (1e@43*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 + 327/20)"2 +
abs(xp + 15*cos((Al*pi)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 -

2743/100)72)"(1/2)),

-((abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1@43*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(((1043*cos((a))*cos((g)))/10 +
(3891*cos((g))*sin((a)))/100 + (1043*sin((a))*sin((b))*sin((g)))/10 -
(3891*cos((a))*sin((b))*sin((g)))/100)*(yp + (3891*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50) + ((1043*cos(a)*cos(g))/10 +
(3891*cos(g)*sin(a))/100 - (3891*cos(a)*sin(b)*sin(g))/100 +
(1043*sin(a)*sin(b)*sin(g))/10)*((yp) + (3891*cos((a))*cos((g)))/100 -
(1043*cos((g))*sin((a)))/10 + (229*cos((b))*sin((g)))/5 +
(3891*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10 -
3643/50)))/((yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp) + (3891*cos((a))*cos((g)))/100 -
(1043*cos((g))*sin((a)))/10 + (229*cos((b))*sin((g)))/5 +
(3891*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10 -
3643/50))7(1/2) - (abs(xp + 15*cos((pi*A1l)/180) + (1e@43*sin(a)*sin(g))/10 +
(229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10
+ (3891*cos(g)*sin(a)*sin(b))/100 - 2743/100)*(((1043*cos((a))*sin((g)))/10 +
(3891*sin((a))*sin((g)))/100 + (3891*cos((a))*cos((g))*sin((b)))/100 -
(1043*cos((g))*sin((a))*sin((b)))/10)*(xp + 15*cos((pi*Al)/180) +
(1e43*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3891*cos(g)*sin(a)*sin(b))/100 - 2743/100) +
((3891*sin(a)*sin(g))/100 + (1043*cos(a)*sin(g))/10 +
(3891*cos(a)*cos(g)*sin(b))/100 -
(1043*cos(g)*sin(a)*sin(b))/10)*(15*cos((pi*(A1))/180) + (xp) +
(229*cos((b))*cos((g)))/5 - (3891*cos((a))*sin((g)))/100 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(3891*cos((g))*sin((a))*sin((b)))/100 - 2743/100)))/((xp + 15*cos((Al*pi)/180) +
(1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 +
(1e43*cos(a)*cos(g)*sin(b))/10 + (3891*cos(g)*sin(a)*sin(b))/100 -

2743/100)* (15*cos((pi*(A1))/180) + (xp) + (229*cos((b))*cos((g)))/5 -
(3891*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3891*cos((g))*sin((a))*sin((b)))/100 -
2743/100))"(1/2) + (abs(15*sin((pi*A1)/180) - zp + (229*sin(b))/5 -
(1043*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 +
327/20)*(((3891*cos(a)*cos(b))/100 - (1043*cos(b)*sin(a))/10)*((229*sin((b)))/5 +
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15*sin((pi*(A1))/180) - (zp) - (1@43*cos((a))*cos((b)))/10 -
(3891*cos((b))*sin((a)))/100 + 327/20) - ((3891*cos((a))*cos((b)))/100 -
(1043*cos((b))*sin((a)))/10)*(zp - 15*sin((pi*A1)/180) - (229*sin(b))/5 +
(1043*cos(a)*cos(b))/10 + (3891*cos(b)*sin(a))/100 - 327/20)))/(-(zp -
15*sin((Al*pi)/180) - (229*sin(b))/5 + (1043*cos(a)*cos(b))/10 +
(3891*cos(b)*sin(a))/100 - 327/20)*((229*%sin((b)))/5 + 15*sin((pi*(Al))/180) -
(zp) - (1@43*cos((a))*cos((b)))/10 - (3891*cos((b))*sin((a)))/1e0 +
327/20))~(1/2))/(2*(abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(15*sin((Al*pi)/180) - zp +
(229*sin(b))/5 - (1e@43*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 + 327/20)"2 +
abs(xp + 15*cos((Al*pi)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1@43*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 -

2743/100)72)"(1/2)),

((abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(((1043*cos(a)*cos(b)*sin(g))/10 -
(229*sin(b)*sin(g))/5 + (3891*cos(b)*sin(a)*sin(g))/100)*((yp) +
(3891*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 +
(229*cos((b))*sin((g)))/5 + (3891*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos((a))*sin((b))*sin((g)))/10 - 3643/50) +
((1043*cos((a))*cos((b))*sin((g)))/10 - (229*sin((b))*sin((g)))/5 +
(3891*cos((b))*sin((a))*sin((g)))/100)*(yp + (3891*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)))/((yp + (3891*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 + (1@43*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp) + (3891*cos((a))*cos((g)))/100 -
(1043*cos((g))*sin((a)))/10 + (229*cos((b))*sin((g)))/5 +
(3891*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10 -
3643/50))7~(1/2) - (abs(15*sin((pi*A1)/180) - zp + (229*sin(b))/5 -
(1043*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 + 327/20)*(((229*cos((b)))/5 +
(1043*cos((a))*sin((b)))/10 + (3891*sin((a))*sin((b)))/100)*(zp -
15*sin((pi*A1)/180) - (229*sin(b))/5 + (1043*cos(a)*cos(b))/10 +
(3891*cos(b)*sin(a))/100 - 327/20) - ((229*cos(b))/5 + (3891*sin(a)*sin(b))/100 +
(1043*cos(a)*sin(b))/10)*((229*sin((b)))/5 + 15*sin((pi*(A1))/180) - (zp) -
(1043*cos((a))*cos((b)))/10 - (3891*cos((b))*sin((a)))/100 + 327/20)))/(-(zp -
15*sin((A1*pi)/180) - (229*sin(b))/5 + (1@43*cos(a)*cos(b))/10 +
(3891*cos(b)*sin(a))/100 - 327/20)*((229*%sin((b)))/5 + 15*sin((pi*(A1l))/180) -
(zp) - (1@43*cos((a))*cos((b)))/10 - (3891*cos((b))*sin((a)))/100 + 327/20))7(1/2)
+ (abs(xp + 15*cos((pi*A1)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5
- (3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 - 2743/100)*(((1043*cos((a))*cos((b))*cos((g)))/10
- (229*cos((g))*sin((b)))/5 + (3891*cos((b))*cos((g))*sin((a)))/100)*(xp +
15*cos((pi*Al1)/180) + (1@43*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1@43*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 - 2743/100) + ((1@43*cos(a)*cos(b)*cos(g))/10 -
(229*cos(g)*sin(b))/5 + (3891*cos(b)*cos(g)*sin(a))/100)*(15*cos((pi*(Al))/180) +
(xp) + (229*cos((b))*cos((g)))/5 - (3891*cos((a))*sin((g)))/100 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(3891*cos((g))*sin((a))*sin((b)))/100 - 2743/100)))/((xp + 15*cos((Al*pi)/180) +
(1e43*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3891*cos(g)*sin(a)*sin(b))/100 -
2743/100)*(15*cos((pi*(A1))/180) + (xp) + (229*cos((b))*cos((g)))/5 -
(3891*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3891*cos((g))*sin((a))*sin((b)))/100 -
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2743/100))~(1/2))/(2*(abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10
+ (229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(15*sin((Al*pi)/180) - zp +
(229*sin(b))/5 - (1@43*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 + 327/20)"2 +
abs(xp + 15*cos((A1*pi)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 -

2743/100)72)"(1/2)),

((abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 +
(229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(((229*cos((b))*cos((g)))/5 -
(3891*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3891*cos((g))*sin((a))*sin((b)))/100)*(yp
+ (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3891*sin(a)*sin(b)*sin(g))/100 - 3643/50) +
((1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3891*cos(g)*sin(a)*sin(b))/100)*((yp) +
(3891*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 +
(229*cos((b))*sin((g)))/5 + (3891*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos((a))*sin((b))*sin((g)))/106 - 3643/50)))/((yp + (3891*cos(a)*cos(g))/100
- (1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10
+ (3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp) + (3891*cos((a))*cos((g)))/100
- (1043*cos((g))*sin((a)))/10 + (229*cos((b))*sin((g)))/5 +
(3891*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10 -
3643/50))~(1/2) - (abs(xp + 15*cos((pi*Al1l)/180) + (1043*sin(a)*sin(g))/10 +
(229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10
+ (3891*cos(g)*sin(a)*sin(b))/100 - 2743/100)*(((3891*cos((a))*cos((g)))/100 -
(1043*cos((g))*sin((a)))/10 + (229*cos((b))*sin((g)))/5 +
(3891*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10)*(xp
+ 15*cos((pi*A1)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 - 2743/100) + ((3891*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 + (229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100)*(15*cos((pi*(A1))/180) + (xp) +
(229*cos((b))*cos((g)))/5 - (3891*cos((a))*sin((g)))/100 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(3891*cos((g))*sin((a))*sin((b)))/100 - 2743/100)))/((xp + 15*cos((Al*pi)/180) +
(1e43*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 - (3891*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3891*cos(g)*sin(a)*sin(b))/100 -
2743/100)*(15*cos((pi*(A1))/180) + (xp) + (229*cos((b))*cos((g)))/5 -
(3891*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3891*cos((g))*sin((a))*sin((b)))/100 -
2743/100))~(1/2))/(2*(abs(yp + (3891*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10
+ (229*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3891*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(15*sin((Al*pi)/180) - zp +
(229*sin(b))/5 - (1043*cos(a)*cos(b))/10 - (3891*cos(b)*sin(a))/100 + 327/20)"2 +
abs(xp + 15*cos((Al1*pi)/180) + (1043*sin(a)*sin(g))/10 + (229*cos(b)*cos(g))/5 -
(3891*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3891*cos(g)*sin(a)*sin(b))/100 - 2743/100)"2)"(1/2));

(abs(xp - 15*cos((pi*A2)/180) + (1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)*(xp - 15*cos((pi*A2)/180) -
15*cos((pi*(A2))/180) + (xp) + (1043*sin(a)*sin(g))/10 -
(2293*cos((b))*cos((g)))/50 - (3883*cos((a))*sin((g)))/100 +
(1043*sin((a))*sin((g)))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
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(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3883*cos((g))*sin((a))*sin((b)))/100 +
2757/50))/(2*((xp - 15*cos((A2*pi)/180) + (1043*sin(a)*sin(g))/10 -
(2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)*((xp)
- 15*cos((pi*(A2))/180) - (2293*cos((b))*cos((g)))/50 -
(3883*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3883*cos((g))*sin((a))*sin((b)))/100 +
2757/100))~(1/2)*(abs(yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(zp + 15*sin((A2*pi)/180) +
(2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 - 327/20)"2
+ abs(xp - 15*cos((A2*pi)/180) + (1@43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 +

2757/100)72)"(1/2)),

(abs(yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(yp + (yp) +
(3883*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 -
(2293*cos((b))*sin((g)))/50 + (3883*cos(a)*cos(g))/100 - (1@43*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (3883*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3883*sin(a)*sin(b)*sin(g))/100 +
(1043*cos((a))*sin((b))*sin((g)))/10 - 3643/25))/(2*((yp +
(3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp)
+ (3883*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 -
(2293*cos((b))*sin((g)))/50 + (3883*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos((a))*sin((b))*sin((g)))/10 - 3643/50))"(1/2)*(abs(yp +
(3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 +
abs(zp + 15*sin((A2*pi)/180) + (2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 +
(3883*cos(b)*sin(a))/100 - 327/20)"2 + abs(xp - 15*cos((A2*pi)/180) +
(1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 +
2757/100)72)(1/2)),

(abs(zp + 15*sin((pi*A2)/180) + (2293*sin(b))/5@ + (1@43*cos(a)*cos(b))/10 +
(3883*cos(b)*sin(a))/100 - 327/20)*(zp + (2293*sin((b)))/50 + 15*sin((pi*A2)/180)
+ 15*sin((pi*(A2))/180) + (2293*sin(b))/50 + (zp) + (1043*cos((a))*cos((b)))/10 +
(3883*cos((b))*sin((a)))/100 + (1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100
- 327/10))/(2*(((2293*sin((b)))/50 + 15*sin((pi*(A2))/180) + (zp) +
(1043*cos((a))*cos((b)))/10 + (3883*cos((b))*sin((a)))/100 - 327/20)*(zp +
15*sin((A2*pi)/180) + (2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 +
(3883*cos(b)*sin(a))/100 - 327/20))"(1/2)*(abs(yp + (3883*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10
+ (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(zp + 15*sin((A2*pi)/180) +
(2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 - 327/20)"2
+ abs(xp - 15*cos((A2*pi)/180) + (1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 +

2757/100)72)~(1/2)),

((abs(xp - 15*cos((pi*A2)/180) + (1@43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)*(((1043*cos((a))*sin((g)))/10 +
(3883*sin((a))*sin((g)))/100 + (3883*cos((a))*cos((g))*sin((b)))/100 -
(1043*cos((g))*sin((a))*sin((b)))/10)*(xp - 15*cos((pi*A2)/180) +
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(1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 + 2757/100) +
((3883*sin(a)*sin(g))/100 + (1l@43*cos(a)*sin(g))/10 +
(3883*cos(a)*cos(g)*sin(b))/100 - (1043*cos(g)*sin(a)*sin(b))/10)*((xp) -
15*cos((pi*(A2))/180) - (2293*cos((b))*cos((g)))/50 - (3883*cos((a))*sin((g)))/1e0
+ (1043*sin((a))*sin((g)))/10 + (1@43*cos((a))*cos((g))*sin((b)))/10 +
(3883*cos((g))*sin((a))*sin((b)))/100 + 2757/100)))/((xp - 15*cos((A2*pi)/180) +
(1e43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)*((xp)
- 15*cos((pi*(A2))/180) - (2293*cos((b))*cos((g)))/50 -
(3883*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3883*cos((g))*sin((a))*sin((b)))/100 +
2757/100))~(1/2) - (abs(yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(((1043*cos((a))*cos((g)))/10 +
(3883*cos((g))*sin((a)))/100 + (1043*sin((a))*sin((b))*sin((g)))/10 -
(3883*cos((a))*sin((b))*sin((g)))/100)*(yp + (3883*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10
+ (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50) + ((1043*cos(a)*cos(g))/10 +
(3883*cos(g)*sin(a))/100 - (3883*cos(a)*sin(b)*sin(g))/100 +
(1043*sin(a)*sin(b)*sin(g))/10)*((yp) + (3883*cos((a))*cos((g)))/100 -
(1043*cos((g))*sin((a)))/10 - (2293*cos((b))*sin((g)))/50 +
(3883*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10 -
3643/50)))/((yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp) + (3883*cos((a))*cos((g)))/100 -
(1043*cos((g))*sin((a)))/10 - (2293*cos((b))*sin((g)))/50 +
(3883*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10 -
3643/50))7(1/2) + (abs(zp + 15*sin((pi*A2)/180) + (2293*sin(b))/50 +
(1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 -
327/20)*(((3883*cos(a)*cos(b))/100 - (1043*cos(b)*sin(a))/10)*((2293*sin((b)))/50
+ 15*sin((pi*(A2))/180) + (zp) + (1043*cos((a))*cos((b)))/10 +
(3883*cos((b))*sin((a)))/100 - 327/20) + ((3883*cos((a))*cos((b)))/100 -
(1043*cos((b))*sin((a)))/10)*(zp + 15*sin((pi*A2)/180) + (2293*sin(b))/50 +
(1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 -
327/20)))/(((2293*sin((b)))/50 + 15*sin((pi*(A2))/180) + (zp) +
(1043*cos((a))*cos((b)))/10 + (3883*cos((b))*sin((a)))/100 - 327/20)*(zp +
15*sin((A2*pi)/180) + (2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 +
(3883*cos(b)*sin(a))/100 - 327/20))"(1/2))/(2*(abs(yp + (3883*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10
+ (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(zp + 15*sin((A2*pi)/180) +
(2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 - 327/20)"2
+ abs(xp - 15*cos((A2*pi)/180) + (1@43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 +

2757/100)72)~(1/2)),

((abs(yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(((2293*sin(b)*sin(g))/50 +
(1043*cos(a)*cos(b)*sin(g))/10 + (3883*cos(b)*sin(a)*sin(g))/100)*((yp) +
(3883*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 -
(2293*cos((b))*sin((g)))/50 + (3883*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos((a))*sin((b))*sin((g)))/10 - 3643/50) + ((2293*sin((b))*sin((g)))/50 +
(1043*cos((a))*cos((b))*sin((g)))/10 + (3883*cos((b))*sin((a))*sin((g)))/100)*(yp
+ (3883*cos(a)*cos(g))/100 - (1e43*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)))/((yp
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+ (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp)
+ (3883*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 -
(2293*cos((b))*sin((g)))/50 + (3883*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos((a))*sin((b))*sin((g)))/10 - 3643/50))~(1/2) - (abs(zp +
15*sin((pi*A2)/180) + (2293*sin(b))/50 + (1@43*cos(a)*cos(b))/10 +
(3883*cos(b)*sin(a))/100 - 327/20)*(((3883*sin(a)*sin(b))/100 - (2293*cos(b))/50 +
(1043*cos(a)*sin(b))/10)*((2293*sin((b)))/50 + 15*sin((pi*(A2))/180) + (zp) +
(1043*cos((a))*cos((b)))/10 + (3883*cos((b))*sin((a)))/1e0 - 327/20) +
((1043*cos((a))*sin((b)))/10 - (2293*cos((b)))/50 +
(3883*sin((a))*sin((b)))/100)*(zp + 15*sin((pi*A2)/180) + (2293*sin(b))/50 +
(1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 -
327/20)))/(((2293*sin((b)))/50 + 15*sin((pi*(A2))/180) + (zp) +
(1043*cos((a))*cos((b)))/10 + (3883*cos((b))*sin((a)))/100 - 327/20)*(zp +
15*sin((A2*pi)/180) + (2293*sin(b))/50 + (1@43*cos(a)*cos(b))/10 +
(3883*cos(b)*sin(a))/100 - 327/20))"~(1/2) + (abs(xp - 15*cos((pi*A2)/180) +
(1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 +

2757/100)* (((2293*cos((g))*sin((b)))/50 + (1043*cos((a))*cos((b))*cos((g)))/10 +
(3883*cos((b))*cos((g))*sin((a)))/100)*(xp - 15*cos((pi*A2)/180) +
(1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 + 2757/100) +
((2293*cos(g)*sin(b))/50 + (1@43*cos(a)*cos(b)*cos(g))/10 +
(3883*cos(b)*cos(g)*sin(a))/100)*((xp) - 15*cos((pi*(A2))/180) -
(2293*cos((b))*cos((g)))/50 - (3883*cos((a))*sin((g)))/100 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(3883*cos((g))*sin((a))*sin((b)))/100 + 2757/100)))/((xp - 15*cos((A2*pi)/180) +
(1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)*((xp)
- 15*cos((pi*(A2))/180) - (2293*cos((b))*cos((g)))/50 -
(3883*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3883*cos((g))*sin((a))*sin((b)))/100 +
2757/100))7~(1/2))/(2*(abs(yp + (3883*cos(a)*cos(g))/100 - (1e43*cos(g)*sin(a))/10
- (2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)"2 + abs(zp + 15*sin((A2*pi)/180) +
(2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 - 327/20)"2
+ abs(xp - 15*cos((A2*pi)/180) + (1@43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 +

2757/100)72)"(1/2)),

((abs(yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 -
(2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*(((1043*sin((a))*sin((g)))/10 -
(3883*cos((a))*sin((g)))/100 - (2293*cos((b))*cos((g)))/50 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3883*cos((g))*sin((a))*sin((b)))/100)*(yp
+ (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50) +
((1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100)*((yp) +
(3883*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 -
(2293*cos((b))*sin((g)))/50 + (3883*sin((a))*sin((b))*sin((g)))/100 +
(1043*cos((a))*sin((b))*sin((g)))/10 - 3643/50)))/((yp + (3883*cos(a)*cos(g))/100
- (1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 +
(1043*cos(a)*sin(b)*sin(g))/10 + (3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)*((yp)
+ (3883*cos((a))*cos((g)))/100 - (1043*cos((g))*sin((a)))/10 -
(2293*cos((b))*sin((g)))/50 + (3883*sin((a))*sin((b))*sin((g)))/100 +
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(1043*cos((a))*sin((b))*sin((g)))/106 - 3643/50))~(1/2) - (abs(xp -
15*cos((pi*A2)/180) + (1@43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 -
(3883*cos(a)*sin(g))/100 + (1@43*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)*(((3883*cos((a))*cos((g)))/100 -
(1043*cos((g))*sin((a)))/10 - (2293*cos((b))*sin((g)))/50 +
(3883*sin((a))*sin((b))*sin((g)))/100 + (1043*cos((a))*sin((b))*sin((g)))/10)*(xp
- 15*cos((pi*A2)/180) + (1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 -
(3883*cos(a)*sin(g))/100 + (1l@43*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 + 2757/100) + ((3883*cos(a)*cos(g))/100 -
(1043*cos(g)*sin(a))/10 - (2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10
+ (3883*sin(a)*sin(b)*sin(g))/100)*((xp) - 15*cos((pi*(A2))/180) -
(2293*cos((b))*cos((g)))/50 - (3883*cos((a))*sin((g)))/100 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(3883*cos((g))*sin((a))*sin((b)))/100 + 2757/100)))/((xp - 15*cos((A2*pi)/180) +
(1043*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50 - (3883*cos(a)*sin(g))/100 +
(1043*cos(a)*cos(g)*sin(b))/10 + (3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)*((xp)
- 15*cos((pi*(A2))/180) - (2293*cos((b))*cos((g)))/50 -
(3883*cos((a))*sin((g)))/100 + (1043*sin((a))*sin((g)))/10 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (3883*cos((g))*sin((a))*sin((b)))/100 +
2757/100))~(1/2))/(2*(abs(yp + (3883*cos(a)*cos(g))/100 - (1043*cos(g)*sin(a))/10
- (2293*cos(b)*sin(g))/50 + (1043*cos(a)*sin(b)*sin(g))/10 +
(3883*sin(a)*sin(b)*sin(g))/100 - 3643/50)7"2 + abs(zp + 15*sin((A2*pi)/180) +
(2293*sin(b))/50 + (1043*cos(a)*cos(b))/10 + (3883*cos(b)*sin(a))/100 - 327/20)"2
+ abs(xp - 15*cos((A2*pi)/180) + (1@43*sin(a)*sin(g))/10 - (2293*cos(b)*cos(g))/50
- (3883*cos(a)*sin(g))/100 + (1043*cos(a)*cos(g)*sin(b))/10 +
(3883*cos(g)*sin(a)*sin(b))/100 + 2757/100)"2)~(1/2));

(abs(xp + (231*cos((pi*A3)/180))/80 +
(1043*sin(a)*sin(g))/10 - (23989*3~(1/2)*(cos((pi*A3)/180) - 1))/4000 -
(283*cos(b)*cos(g))/5 - (101*cos(a)*sin(g))/5 + (1@43*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)*(xp + (231*cos((pi*A3)/180))/80 +
(231*cos((pi*(A3))/180))/80 + (xp) + (1043*sin(a)*sin(g))/10 -
(23989*37(1/2)*(cos((pi*A3)/180) - 1))/4000 - (283*cos((b))*cos((g)))/5 -
(101*cos((a))*sin((g)))/5 + (1043*sin((a))*sin((g)))/10 -
(23989*37(1/2)*(cos((pi*(A3))/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(101*cos((g))*sin((a))*sin((b)))/5 + 26569/200))/(2*(((231*cos((pi*(A3))/180))/80
+ (xp) - (283*cos((b))*cos((g)))/5 - (1@1*cos((a))*sin((g)))/5 +
(1e43*sin((a))*sin((g)))/10 - (23989*3~(1/2)*(cos((pi*(A3))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (101*cos((g))*sin((a))*sin((b)))/5 +
26569/400)*(xp + (231*cos((A3*pi)/180))/80 + (1@43*sin(a)*sin(g))/10 -
(23989*37(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400))"(1/2)*(abs(xp +
(231*cos((A3*pi)/180))/80 + (1043*sin(a)*sin(g))/10 -
(23989*37(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)"2 + abs(yp +
(71967*cos((A3*pi)/180))/4000 - (231*37(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (1@1*sin(a)*sin(b)*sin(g))/5 + 30713/4000)"2 +
abs(zp + (231*sin((A3*pi)/180))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((A3*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)"2)"(1/2)), (abs(yp +
(71967*cos((pi*A3)/180))/4000 - (231*3~(1/2)*(cos((pi*A3)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
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(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 + 30713/4000)*(yp +
(71967*cos ((pi*A3)/180))/4000 + (71967*cos((pi*(A3))/180))/4000 + (yp) -
(231*37~(1/2)*(cos((pi*A3)/180) - 1))/80 + (101*cos((a))*cos((g)))/5 -
(1043*cos((g))*sin((a)))/10 - (283*cos((b))*sin((g)))/5 -
(231*37~(1/2)*(cos((pi*(A3))/180) - 1))/80 + (101*cos(a)*cos(g))/5 -
(1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(101*sin((a))*sin((b))*sin((g)))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(101*sin(a)*sin(b)*sin(g))/5 + (1043*cos((a))*sin((b))*sin((g)))/10 +

30713/2000) )/ (2*(((71967*cos ((pi*(A3))/180))/4000 + (yp) +
(101*cos((a))*cos((g)))/5 - (1043*cos((g))*sin((a)))/10 -
(283*cos((b))*sin((g)))/5 - (231*3~(1/2)*(cos((pi*(A3))/180) - 1))/80 +
(101*sin((a))*sin((b))*sin((g)))/5 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30713/4000)*(yp + (71967*cos((A3*pi)/180))/4000 - (231*37(1/2)*(cos((A3*pi)/180) -
1))/80 + (101*cos(a)*cos(g))/5 - (1@43*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 +
30713/4000))~(1/2)*(abs(xp + (231*cos((A3*pi)/180))/80 + (1043*sin(a)*sin(g))/10 -
(23989*3~(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(1@1*cos(g)*sin(a)*sin(b))/5 + 26569/400)"2 + abs(yp +
(71967*cos((A3*pi)/180))/4000 - (231*3~(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (1@1*sin(a)*sin(b)*sin(g))/5 + 30713/4000)"2 +
abs(zp + (231*sin((A3*pi)/180))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((A3*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)"2)"~(1/2)), (abs(zp +
(231*sin((pi*A3)/180))/40 + (283*sin(b))/5 - (23989*37(1/2)*sin((pi*A3)/180))/2000
+ (1e43*cos(a)*cos(b))/10 + (101*cos(b)*sin(a))/5 - 327/20)*(zp + (283*sin((b)))/5
+ (231*sin((pi*A3)/180))/40 + (231*sin((pi*(A3))/180))/40 + (283*sin(b))/5 + (zp)
- (23989*3~(1/2)*sin((pi*A3)/180))/2000 - (23989*3~(1/2)*sin((pi*(A3))/180))/2000
+ (1043*cos((a))*cos((b)))/10 + (101*cos((b))*sin((a)))/5 +
(1043*cos(a)*cos(b))/10 + (101*cos(b)*sin(a))/5 - 327/10))/(2*((zp +
(231*sin((A3*pi)/180))/40 + (283*sin(b))/5 - (23989*37(1/2)*sin((A3*pi)/180))/2000
+ (1e43*cos(a)*cos(b))/10 + (1@1*cos(b)*sin(a))/5 - 327/20)*((283*sin((b)))/5 +
(231*sin((pi*(A3))/180))/40 + (zp) - (23989*3~(1/2)*sin((pi*(A3))/180))/2000 +
(1043*cos((a))*cos((b)))/10 + (101*cos((b))*sin((a)))/5 - 327/20))~(1/2)*(abs(xp +
(231*cos((A3*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 -
(23989*37(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)"2 + abs(yp +
(71967*cos((A3*pi)/180))/4000 - (231*3~(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (1@1*sin(a)*sin(b)*sin(g))/5 + 30713/4000)"2 +
abs(zp + (231*sin((A3*pi)/180))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((A3*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)"2)"(1/2)),

((abs(xp + (231*cos((pi*A3)/180))/80 + (1043*sin(a)*sin(g))/10 -
(23989*37(1/2)*(cos((pi*A3)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)*(((101*sin(a)*sin(g))/5 +
(1043*cos(a)*sin(g))/10 + (1@1l*cos(a)*cos(g)*sin(b))/5 -
(1e43*cos(g)*sin(a)*sin(b))/10)*((231*cos((pi*(A3))/180))/80 + (xp) -
(283*cos((b))*cos((g)))/5 - (101*cos((a))*sin((g)))/5 +
(1e43*sin((a))*sin((g)))/10 - (23989*3~(1/2)*(cos((pi*(A3))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (101*cos((g))*sin((a))*sin((b)))/5 +
26569/400) + ((1043*cos((a))*sin((g)))/10 + (101*sin((a))*sin((g)))/5 +
(101*cos((a))*cos((g))*sin((b)))/5 - (1043*cos((g))*sin((a))*sin((b)))/10)*(xp +
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(231*cos((pi*A3)/180))/80 + (1043*sin(a)*sin(g))/10 -
(23989*3~(1/2)*(cos((pi*A3)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)))/(((231*cos((pi*(A3))/180))/80 + (xp) -
(283*cos((b))*cos((g)))/5 - (181*cos((a))*sin((g)))/5 +
(1043*sin((a))*sin((g)))/10 - (23989*3~(1/2)*(cos((pi*(A3))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (101*cos((g))*sin((a))*sin((b)))/5 +
26569/400)*(xp + (231*cos((A3*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 -
(23989*37(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400))~(1/2) + (abs(zp +
(231*sin((pi*A3)/180))/40 + (283*sin(b))/5 - (23989*37(1/2)*sin((pi*A3)/180))/2000
+ (1043*cos(a)*cos(b))/10 + (10l1l*cos(b)*sin(a))/5 -
327/20)*(((101*cos((a))*cos((b)))/5 - (1043*cos((b))*sin((a)))/10)*(zp +
(231*sin((pi*A3)/180))/40 + (283*sin(b))/5 - (23989*37(1/2)*sin((pi*A3)/180))/2000
+ (1@43*cos(a)*cos(b))/10 + (1@l1l*cos(b)*sin(a))/5 - 327/20) +
((101*cos(a)*cos(b))/5 - (1043*cos(b)*sin(a))/10)*((283*sin((b)))/5 +
(231*sin((pi*(A3))/180))/40 + (zp) - (23989*3~(1/2)*sin((pi*(A3))/180))/2000 +
(1043*cos((a))*cos((b)))/10 + (101*cos((b))*sin((a)))/5 - 327/20)))/((zp +
(231*sin((A3*pi)/180))/40 + (283*sin(b))/5 - (23989*37(1/2)*sin((A3*pi)/180))/2000
+ (1043*cos(a)*cos(b))/10 + (101l*cos(b)*sin(a))/5 - 327/20)*((283*sin((b)))/5 +
(231*sin((pi*(A3))/180))/40 + (zp) - (23989*3~(1/2)*sin((pi*(A3))/180))/2000 +
(1043*cos((a))*cos((b)))/10 + (101*cos((b))*sin((a)))/5 - 327/20))~(1/2) - (abs(yp
+ (71967*cos((pi*A3)/180))/4000 - (231*3~(1/2)*(cos((pi*A3)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 +
30713/4000)*(((1043*cos(a)*cos(g))/10 + (101*cos(g)*sin(a))/5 -
(101*cos(a)*sin(b)*sin(g))/5 +
(1043*sin(a)*sin(b)*sin(g))/10)*((71967*cos((pi*(A3))/180))/4000 + (yp) +
(101*cos((a))*cos((g)))/5 - (1e43*cos((g))*sin((a)))/10 -
(283*cos((b))*sin((g)))/5 - (231*3~(1/2)*(cos((pi*(A3))/180) - 1))/80 +
(101*sin((a))*sin((b))*sin((g)))/5 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30713/4000) + ((1043*cos((a))*cos((g)))/10 + (101*cos((g))*sin((a)))/5 +
(1043*sin((a))*sin((b))*sin((g)))/10 - (101*cos((a))*sin((b))*sin((g)))/5)*(yp +
(71967*cos ((pi*A3)/180))/4000 - (231*3~(1/2)*(cos((pi*A3)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (1@1*sin(a)*sin(b)*sin(g))/5 +
30713/4000)))/(((71967*cos((pi*(A3))/180))/4000 + (yp) + (101*cos((a))*cos((g)))/5
- (1043*cos((g))*sin((a)))/10 - (283*cos((b))*sin((g)))/5 -
(231*%3~(1/2)*(cos((pi*(A3))/180) - 1))/80 + (101l*sin((a))*sin((b))*sin((g)))/5 +
(1e43*cos((a))*sin((b))*sin((g)))/10 + 30713/4000)*(yp +
(71967*cos((A3*pi)/180))/4000 - (231*37~(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 +
30713/4000))~(1/2))/(2*(abs(xp + (231*cos((A3*pi)/180))/80 +
(1043*sin(a)*sin(g))/10 - (23989*3~(1/2)*(cos((A3*pi)/180) - 1))/4000 -
(283*cos(b)*cos(g))/5 - (101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)"2 + abs(yp +
(71967*cos((A3*pi)/180))/4000 - (231*3~(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (1@1*sin(a)*sin(b)*sin(g))/5 + 30713/4000)"2 +
abs(zp + (231*sin((A3*pi)/180))/40 + (283*sin(b))/5 -
(23989*3~(1/2)*sin((A3*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)"2)"(1/2)),

((abs(yp + (71967*cos((pi*A3)/180))/4000 - (231*3~(1/2)*(cos((pi*A3)/180) - 1))/80
+ (101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +

Pagina 62 / 159



(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 +

30713/4000)* (((283*sin((b))*sin((g)))/5 + (1043*cos((a))*cos((b))*sin((g)))/10 +
(101*cos((b))*sin((a))*sin((g)))/5)*(yp + (71967*cos((pi*A3)/180))/4000 -
(231*3~(1/2)*(cos((pi*A3)/180) - 1))/80 + (101*cos(a)*cos(g))/5 -
(1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(101*sin(a)*sin(b)*sin(g))/5 + 30713/4000) + ((283*sin(b)*sin(g))/5 +
(1043*cos(a)*cos(b)*sin(g))/10 +
(101*cos(b)*sin(a)*sin(g))/5)*((71967*cos((pi*(A3))/180))/4000 + (yp) +
(101*cos((a))*cos((g)))/5 - (1043*cos((g))*sin((a)))/16 -
(283*cos((b))*sin((g)))/5 - (231*3~(1/2)*(cos((pi*(A3))/180) - 1))/80 +
(101*sin((a))*sin((b))*sin((g)))/5 + (1@43*cos((a))*sin((b))*sin((g)))/10 +
30713/4000)))/(((71967*cos((pi*(A3))/180))/4000 + (yp) + (101*cos((a))*cos((g)))/5
- (1043*cos((g))*sin((a)))/10 - (283*cos((b))*sin((g)))/5 -
(231*3~(1/2)*(cos((pi*(A3))/180) - 1))/80 + (101*sin((a))*sin((b))*sin((g)))/5 +
(1043*cos((a))*sin((b))*sin((g)))/10 + 30713/4000)*(yp +
(71967*cos((A3*pi)/180))/4000 - (231*3~(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (1@1*sin(a)*sin(b)*sin(g))/5 + 30713/4000))"(1/2)
- (abs(zp + (231*sin((pi*A3)/188))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((pi*A3)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)*(((1043*cos((a))*sin((b)))/106 - (283*cos((b)))/5 +
(101*sin((a))*sin((b)))/5)*(zp + (231*sin((pi*A3)/180))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((pi*A3)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20) + ((1@1*sin(a)*sin(b))/5 - (283*cos(b))/5 +
(1043*cos(a)*sin(b))/10)*((283*sin((b)))/5 + (231*sin((pi*(A3))/180))/40 + (zp) -
(23989*37(1/2)*sin((pi*(A3))/180))/2000 + (1043*cos((a))*cos((b)))/10 +
(101*cos((b))*sin((a)))/5 - 327/20)))/((zp + (231*sin((A3*pi)/180))/40 +
(283*sin(b))/5 - (23989*37(1/2)*sin((A3*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(1@1*cos(b)*sin(a))/5 - 327/20)*((283*sin((b)))/5 + (231*sin((pi*(A3))/180))/40 +
(zp) - (23989*37(1/2)*sin((pi*(A3))/180))/2000 + (1043*cos((a))*cos((b)))/10 +
(101*cos((b))*sin((a)))/5 - 327/20))"~(1/2) + (abs(xp + (231*cos((pi*A3)/180))/80 +
(1043*sin(a)*sin(g))/10 - (23989*3~(1/2)*(cos((pi*A3)/180) - 1))/4000 -
(283*cos(b)*cos(g))/5 - (101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)*(((283*cos(g)*sin(b))/5 +
(1043*cos(a)*cos(b)*cos(g))/10 +
(101*cos(b)*cos(g)*sin(a))/5)*((231*cos((pi*(A3))/180))/80 + (xp) -
(283*cos((b))*cos((g)))/5 - (101*cos((a))*sin((g)))/5 +
(1043*sin((a))*sin((g)))/10 - (23989*3~(1/2)*(cos((pi*(A3))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (101*cos((g))*sin((a))*sin((b)))/5 +
26569/400) + ((283*cos((g))*sin((b)))/5 + (1@43*cos((a))*cos((b))*cos((g)))/10 +
(101*cos((b))*cos((g))*sin((a)))/5)*(xp + (231*cos((pi*A3)/180))/80 +
(1043*sin(a)*sin(g))/10 - (23989*3~(1/2)*(cos((pi*A3)/180) - 1))/4000 -
(283*cos(b)*cos(g))/5 - (101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)))/(((231*cos((pi*(A3))/180))/80 + (xp) -
(283*cos((b))*cos((g)))/5 - (101*cos((a))*sin((g)))/5 +
(1043*sin((a))*sin((g)))/10 - (23989*3~(1/2)*(cos((pi*(A3))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (101*cos((g))*sin((a))*sin((b)))/5 +
26569/400)*(xp + (231*cos((A3*pi)/180))/80 + (1043*sin(a)*sin(g))/10 -
(23989*3~(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400))7(1/2))/(2*(abs(xp +
(231*cos((A3*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 -
(23989*3~(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)"2 + abs(yp +
(71967*cos((A3*pi)/180))/4000 - (231*3~(1/2)*(cos((A3*pi)/180) - 1))/80 +
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(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 + 30713/4000)"2 +
abs(zp + (231*sin((A3*pi)/180))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((A3*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)"2)"(1/2)),

-((abs(xp + (231*cos((pi*A3)/180))/80 + (1@43*sin(a)*sin(g))/10 -
(23989*3~(1/2)*(cos((pi*A3)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)*(((101*cos((a))*cos((g)))/5 -
(1043*cos((g))*sin((a)))/10 - (283*cos((b))*sin((g)))/5 +
(101*sin((a))*sin((b))*sin((g)))/5 + (1043*cos((a))*sin((b))*sin((g)))/10)*(xp +
(231*cos((pi*A3)/180))/80 + (1043*sin(a)*sin(g))/10 -
(23989*37(1/2)*(cos((pi*A3)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400) + ((1@1l*cos(a)*cos(g))/5 -
(1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 + (1@43*cos(a)*sin(b)*sin(g))/10 +
(101*sin(a)*sin(b)*sin(g))/5)*((231*cos((pi*(A3))/180))/80 + (xp) -
(283*cos((b))*cos((g)))/5 - (1@1*cos((a))*sin((g)))/5 +
(1043*sin((a))*sin((g)))/10 - (23989*37~(1/2)*(cos((pi*(A3))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (101*cos((g))*sin((a))*sin((b)))/5 +
26569/400)))/(((231*cos((pi*(A3))/180))/80 + (xp) - (283*cos((b))*cos((g)))/5 -
(101*cos((a))*sin((g)))/5 + (143*sin((a))*sin((g)))/10 -
(23989*3~(1/2)*(cos((pi*(A3))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (101*cos((g))*sin((a))*sin((b)))/5 +
26569/400)*(xp + (231*cos((A3*pi)/180))/80 + (1043*sin(a)*sin(g))/10 -
(23989*3~(1/2)*(cos((A3*pi)/180) - 1))/4000 - (283*cos(b)*cos(g))/5 -
(101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400))~(1/2) - (abs(yp +

(71967*cos ((pi*A3)/180))/4000 - (231*3~(1/2)*(cos((pi*A3)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 +
30713/4000)*(((1043*sin((a))*sin((g)))/10 - (1@1*cos((a))*sin((g)))/5 -
(283*cos((b))*cos((g)))/5 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(101*cos((g))*sin((a))*sin((b)))/5)*(yp + (71967*cos((pi*A3)/180))/4000 -
(231*%3~(1/2)*(cos((pi*A3)/180) - 1))/80 + (1@l*cos(a)*cos(g))/5 -
(1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 + (1043*cos(a)*sin(b)*sin(g))/10 +
(101*sin(a)*sin(b)*sin(g))/5 + 30713/4000) + ((1043*sin(a)*sin(g))/10 -
(283*cos(b)*cos(g))/5 - (101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5)*((71967*cos((pi*(A3))/180))/4000 + (yp) +
(101*cos((a))*cos((g)))/5 - (1043*cos((g))*sin((a)))/10 -
(283*cos((b))*sin((g)))/5 - (231*3~(1/2)*(cos((pi*(A3))/180) - 1))/80 +
(101*sin((a))*sin((b))*sin((g)))/5 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30713/4000)))/(((71967*cos((pi*(A3))/180))/4000 + (yp) + (1@1*cos((a))*cos((g)))/5
- (1043*cos((g))*sin((a)))/10 - (283*cos((b))*sin((g)))/5 -
(231*%3~(1/2)*(cos((pi*(A3))/180) - 1))/80 + (101l*sin((a))*sin((b))*sin((g)))/5 +
(1e43*cos((a))*sin((b))*sin((g)))/1e + 30713/4000)*(yp +
(71967*cos((A3*pi)/180))/4000 - (231*3~(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (101*sin(a)*sin(b)*sin(g))/5 +
30713/4000))"(1/2))/(2*(abs(xp + (231*cos((A3*pi)/180))/80 +
(1043*sin(a)*sin(g))/10 - (23989*3~(1/2)*(cos((A3*pi)/180) - 1))/4000 -
(283*cos(b)*cos(g))/5 - (101*cos(a)*sin(g))/5 + (1043*cos(a)*cos(g)*sin(b))/10 +
(101*cos(g)*sin(a)*sin(b))/5 + 26569/400)"2 + abs(yp +
(71967*cos((A3*pi)/180))/4000 - (231*3~(1/2)*(cos((A3*pi)/180) - 1))/80 +
(101*cos(a)*cos(g))/5 - (1043*cos(g)*sin(a))/10 - (283*cos(b)*sin(g))/5 +
(1043*cos(a)*sin(b)*sin(g))/10 + (1@1*sin(a)*sin(b)*sin(g))/5 + 30713/4000)"2 +
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abs(zp + (231*sin((A3*pi)/180))/40 + (283*sin(b))/5 -
(23989*37(1/2)*sin((A3*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(101*cos(b)*sin(a))/5 - 327/20)"2)"(1/2));

(abs(xp + (531*cos((pi*A4)/180))/80 + (1le@43*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((pi*Ad4)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)*(xp + (531*cos((pi*A4)/180))/80 +
(531*cos((pi*(A4))/180))/80 + (xp) + (1043*sin(a)*sin(g))/10 +
(199*3~(1/2)*(cos((pi*A4)/180) - 1))/400 - (107*cos((b))*cos((g)))/10 +
(2957*cos((a))*sin((g)))/50 + (1043*sin((a))*sin((g)))/10 +
(199*37(1/2)*(cos((pi*(A4))/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + (1@43*cos((a))*cos((g))*sin((b)))/10 -
(2957*cos((g))*sin((a))*sin((b)))/50 +
20069/200) )/ (2*(((531*cos((pi*(A4))/180))/80 + (xp) - (1@7*cos((b))*cos((g)))/10 +
(2957*cos((a))*sin((g)))/50 + (1043*sin((a))*sin((g)))/10 +
(199*37(1/2)*(cos((pi*(A4))/180) - 1))/400 + (1043*cos((a))*cos((g))*sin((b)))/10
- (2957*cos((g))*sin((a))*sin((b)))/50 + 20069/400)*(xp +
(531*cos((A4*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*37(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400))~(1/2)*(abs(xp +
(531*cos((A4*pi)/180))/80 + (1le@43*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)"2 + abs(zp + (531*sin((A4*pi)/180))/40
+ (107*sin(b))/10 + (199*37~(1/2)*sin((A4*pi)/180))/200 + (1l@43*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)"2 + abs((597*cos((A4*pi)/180))/400 - yp +
(531*%3~(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1@43*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)72)"(1/2)),
-(abs((597*cos((pi*A4)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A4)/180) - 1))/80 +
(2957*cos(a)*cos(g))/50 + (1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 -
(1043*cos(a)*sin(b)*sin(g))/10 + (2957*sin(a)*sin(b)*sin(g))/50 -
781/16)*((597*cos((pi*A4)/180))/400 - yp + (597*cos((pi*(A4))/180))/400 - (yp) +
(531*3~(1/2)*(cos((pi*A4)/180) - 1))/80 + (2957*cos((a))*cos((g)))/50 +
(1043*cos((g))*sin((a)))/10 + (107*cos((b))*sin((g)))/10 +
(531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos(a)*sin(b)*sin(g))/10 +
(2957*sin(a)*sin(b)*sin(g))/50 - (1@43*cos((a))*sin((b))*sin((g)))/10 -
781/8))/(2*(((597*cos((A4*pi)/180))/400 - yp + (531*3~(1/2)*(cos((A4*pi)/180) -
1))/80 + (2957*cos(a)*cos(g))/50 + (1043*cos(g)*sin(a))/10 +
(107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10 +
(2957*sin(a)*sin(b)*sin(g))/50 - 781/16)*((597*cos((pi*(A4))/180))/400 - (yp) +
(2957*cos((a))*cos((g)))/50 + (1043*cos((g))*sin((a)))/10 +
(107*cos((b))*sin((g)))/10 + (531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10 -
781/16))~(1/2)*(abs(xp + (531*cos((A4*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*3~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)"2 + abs(zp + (531*sin((A4*pi)/180))/40
+ (107*sin(b))/10 + (199*3~(1/2)*sin((A4*pi)/180))/200 + (1043*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)"2 + abs((597*cos((A4*pi)/180))/400 - yp +
(531*3~(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10
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+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)72)"~(1/2)),

(abs(zp + (531*sin((pi*A4)/180))/40 + (107*sin(b))/10 +
(199*37(1/2)*sin((pi*A4)/180))/200 + (1043*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)*(zp + (1@7*sin((b)))/10 +
(531*sin((pi*A4)/180))/40 + (531*sin((pi*(A4))/180))/40 + (107*sin(b))/10 + (zp) +
(199%3~(1/2)*sin((pi*A4)/180))/200 + (199*%3~(1/2)*sin((pi*(A4))/180))/200 +
(1043*cos((a))*cos((b)))/10 - (2957*cos((b))*sin((a)))/50 +
(1e43*cos(a)*cos(b))/10 - (2957*cos(b)*sin(a))/50 - 327/18))/(2*((zp +
(531*sin((A4*pi)/180))/40 + (107*sin(b))/10 + (199*3~(1/2)*sin((A4*pi)/180))/200 +
(1043*cos(a)*cos(b))/10 - (2957*cos(b)*sin(a))/50 - 327/20)*((107*sin((b)))/10 +
(531*sin((pi*(A4))/180))/40 + (zp) + (199*%3~(1/2)*sin((pi*(A4))/180))/200 +
(1043*cos((a))*cos((b)))/10 - (2957*cos((b))*sin((a)))/50 - 327/20))~(1/2)*(abs(xp
+ (531*cos((A4*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)"2 + abs(zp + (531*sin((A4*pi)/180))/40
+ (107*sin(b))/10 + (199*3~(1/2)*sin((A4*pi)/180))/200 + (1@43*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)"2 + abs((597*cos((A4*pi)/180))/400 - yp +
(531*37(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1@43*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)72)"(1/2)),

-((abs(xp + (531*cos((pi*A4)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((pi*A4)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)*(((2957*sin(a)*sin(g))/50 -
(1043*cos(a)*sin(g))/10 + (2957*cos(a)*cos(g)*sin(b))/50 +
(1043*cos(g)*sin(a)*sin(b))/10)*((531*cos((pi*(A4))/180))/80 + (xp) -
(107*cos((b))*cos((g)))/10 + (2957*cos((a))*sin((g)))/50 +
(1043*sin((a))*sin((g)))/10 + (199*3~(1/2)*(cos((pi*(A4))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/106 - (2957*cos((g))*sin((a))*sin((b)))/50 +
20069/400) + ((2957*sin((a))*sin((g)))/50 - (1043*cos((a))*sin((g)))/10 +
(2957*cos((a))*cos((g))*sin((b)))/50 + (1043*cos((g))*sin((a))*sin((b)))/10)*(xp +
(531*cos((pi*A4)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*37(1/2)*(cos((pi*Ad4)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)))/(((531*cos((pi*(A4))/180))/80 + (xp)
- (107*cos((b))*cos((g)))/10 + (2957*cos((a))*sin((g)))/50 +
(1043*sin((a))*sin((g)))/10 + (199*3~(1/2)*(cos((pi*(A4))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/106 - (2957*cos((g))*sin((a))*sin((b)))/50 +
20069/400)*(xp + (531*cos((A4*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*3~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400))"(1/2) + (abs(zp +
(531*sin((pi*A4)/180))/40 + (107*sin(b))/10 + (199*3~(1/2)*sin((pi*A4)/180))/200 +
(1043*cos(a)*cos(b))/10 - (2957*cos(b)*sin(a))/50 -
327/20)*(((2957*cos((a))*cos((b)))/50 + (1043*cos((b))*sin((a)))/10)*(zp +
(531*sin((pi*A4)/180))/40 + (107*sin(b))/10 + (199*3~(1/2)*sin((pi*A4)/180))/200 +
(1043*cos(a)*cos(b))/10 - (2957*cos(b)*sin(a))/50 - 327/20) +
((2957*cos(a)*cos(b))/50 + (1043*cos(b)*sin(a))/10)*((107*sin((b)))/10 +
(531*sin((pi*(A4))/180))/40 + (zp) + (199*3~(1/2)*sin((pi*(A4))/180))/200 +
(1043*cos((a))*cos((b)))/10 - (2957*cos((b))*sin((a)))/50 - 327/20)))/((zp +
(531*sin((A4*pi)/180))/40 + (107*sin(b))/10 + (199*3~(1/2)*sin((A4*pi)/180))/200 +
(1043*cos(a)*cos(b))/10 - (2957*cos(b)*sin(a))/50 - 327/20)*((107*sin((b)))/10 +
(531*sin((pi*(A4))/180))/40 + (zp) + (199*%3~(1/2)*sin((pi*(A4))/180))/200 +
(1043*cos((a))*cos((b)))/10 - (2957*cos((b))*sin((a)))/50 - 327/20))~(1/2) -
(abs((597*cos((pi*A4)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A4)/180) - 1))/80 +
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(2957*cos(a)*cos(g))/50 + (1043*cos(g)*sin(a))/10 + (1@7*cos(b)*sin(g))/10 -
(1043*cos(a)*sin(b)*sin(g))/10 + (2957*sin(a)*sin(b)*sin(g))/50 -
781/16)*(((1043*cos(a)*cos(g))/10 - (2957*cos(g)*sin(a))/50 +
(2957*cos(a)*sin(b)*sin(g))/50 +
(1043*sin(a)*sin(b)*sin(g))/10)*((597*cos((pi*(A4))/180))/400 - (yp) +
(2957*cos((a))*cos((g)))/50 + (1043*cos((g))*sin((a)))/10 +
(107*cos((b))*sin((g)))/10 + (531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10 -
781/16) + ((1@43*cos((a))*cos((g)))/10 - (2957*cos((g))*sin((a)))/50 +
(1043*sin((a))*sin((b))*sin((g)))/10 +
(2957*cos((a))*sin((b))*sin((g)))/50)*((597*cos((pi*A4)/180))/400 - yp +
(531*%3~(1/2)*(cos((pi*A4)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)))/(((597*cos((A4*pi)/180))/400 - yp +
(531*%3~(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1@43*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)*((597*cos((pi*(A4))/180))/400 - (yp) +
(2957*cos((a))*cos((g)))/50 + (1043*cos((g))*sin((a)))/10 +
(107*cos((b))*sin((g)))/10 + (531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10 -
781/16))"(1/2))/(2*(abs(xp + (531*cos((A4*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)"2 + abs(zp + (531*sin((A4*pi)/180))/40
+ (107*sin(b))/10 + (199*3~(1/2)*sin((A4*pi)/180))/200 + (1@43*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)"2 + abs((597*cos((A4*pi)/180))/400 - yp +
(531*37(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)72)"~(1/2)),

((abs(zp + (531*sin((pi*A4)/180))/40 + (107*sin(b))/10 +
(199*37(1/2)*sin((pi*A4)/180))/200 + (1043*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)*(((107*cos((b)))/10 -
(1043*cos((a))*sin((b)))/10 + (2957*sin((a))*sin((b)))/50)*(zp +
(531*sin((pi*A4)/180))/40 + (107*sin(b))/10 + (199*3~(1/2)*sin((pi*A4)/180))/200 +
(1043*cos(a)*cos(b))/10 - (2957*cos(b)*sin(a))/50 - 327/20) + ((107*cos(b))/10 +
(2957*sin(a)*sin(b))/50 - (1043*cos(a)*sin(b))/10)*((107*sin((b)))/10 +
(531*sin((pi*(A4))/180))/40 + (zp) + (199*3~(1/2)*sin((pi*(A4))/180))/200 +
(1043*cos((a))*cos((b)))/10 - (2957*cos((b))*sin((a)))/50 - 327/20)))/((zp +
(531*sin((A4*pi)/180))/40 + (107*sin(b))/10 + (199*3~(1/2)*sin((A4*pi)/180))/200 +
(1043*cos(a)*cos(b))/10 - (2957*cos(b)*sin(a))/50 - 327/20)*((107*sin((b)))/10 +
(531*sin((pi*(A4))/180))/40 + (zp) + (199*3~(1/2)*sin((pi*(A4))/180))/200 +
(1043*cos((a))*cos((b)))/10 - (2957*cos((b))*sin((a)))/50 - 327/20))~(1/2) -
(abs((597*cos((pi*A4)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A4)/180) - 1))/80 +
(2957*cos(a)*cos(g))/50 + (1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 -
(1043*cos(a)*sin(b)*sin(g))/10 + (2957*sin(a)*sin(b)*sin(g))/50 -
781/16)*(((107*sin(b)*sin(g))/10 + (1043*cos(a)*cos(b)*sin(g))/10 -
(2957*cos(b)*sin(a)*sin(g))/50)*((597*cos((pi*(A4))/180))/400 - (yp) +
(2957*cos((a))*cos((g)))/50 + (1043*cos((g))*sin((a)))/10 +
(107*cos((b))*sin((g)))/10 + (531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10 -
781/16) + ((1@7*sin((b))*sin((g)))/10 + (1@43*cos((a))*cos((b))*sin((g)))/10 -
(2957*cos((b))*sin((a))*sin((g)))/50)*((597*cos((pi*A4)/180))/400 - yp +
(531*%3~(1/2)*(cos((pi*A4)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)))/(((597*cos((A4*pi)/180))/400 - yp +
(531*3~(1/2)*(cos((A4*pi)/180@) - 1))/80 + (2957*cos(a)*cos(g))/50 +
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(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1@43*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)*((597*cos((pi*(A4))/180))/400 - (yp) +
(2957*cos((a))*cos((g)))/50 + (1043*cos((g))*sin((a)))/10 +
(107*cos((b))*sin((g)))/10 + (531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10 -
781/16))"(1/2) + (abs(xp + (531*cos((pi*A4)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*3~(1/2)*(cos((pi*Ad4)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)*(((107*cos(g)*sin(b))/10 +
(1043*cos(a)*cos(b)*cos(g))/10 -
(2957*cos(b)*cos(g)*sin(a))/50)*((531*cos((pi*(A4))/180))/80 + (xp) -
(107*cos((b))*cos((g)))/10 + (2957*cos((a))*sin((g)))/50 +
(1043*sin((a))*sin((g)))/10 + (199*3~(1/2)*(cos((pi*(A4))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/10 - (2957*cos((g))*sin((a))*sin((b)))/50 +
20069/400) + ((107*cos((g))*sin((b)))/10 + (1@43*cos((a))*cos((b))*cos((g)))/10 -
(2957*cos((b))*cos((g))*sin((a)))/50)*(xp + (531*cos((pi*A4)/180))/80 +
(1043*sin(a)*sin(g))/10 + (199*3~(1/2)*(cos((pi*A4)/180) - 1))/400 -
(107*cos(b)*cos(g))/10 + (2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10
- (2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)))/(((531*cos((pi*(A4))/180))/80 +
(xp) - (107*cos((b))*cos((g)))/10 + (2957*cos((a))*sin((g)))/50 +
(1043*sin((a))*sin((g)))/10 + (199*3~(1/2)*(cos((pi*(A4))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/10 - (2957*cos((g))*sin((a))*sin((b)))/50 +
20069/400)*(xp + (531*cos((A4*pi)/180))/80 + (1@43*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400))~(1/2))/(2*(abs(xp +
(531*cos((A4*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)"2 + abs(zp + (531*sin((A4*pi)/180))/40
+ (107*sin(b))/10 + (199*3~(1/2)*sin((A4*pi)/180))/200 + (1043*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)"2 + abs((597*cos((A4*pi)/180))/400 - yp +
(531*3~(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1@43*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)72)"(1/2)),

((abs(xp + (531*cos((pi*A4)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*3~(1/2)*(cos((pi*A4)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400)*(((2957*cos((a))*cos((g)))/50 +
(1043*cos((g))*sin((a)))/10 + (107*cos((b))*sin((g)))/10 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10)*(xp +
(531*cos((pi*A4)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*37(1/2)*(cos((pi*Ad4)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400) + ((2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50)*((531*cos((pi*(A4))/180))/80 + (xp) -
(107*cos((b))*cos((g)))/10 + (2957*cos((a))*sin((g)))/50 +
(1043*sin((a))*sin((g)))/10 + (199*3~(1/2)*(cos((pi*(A4))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/10 - (2957*cos((g))*sin((a))*sin((b)))/50 +
20069/400)))/(((531*cos((pi*(A4))/180))/80 + (xp) - (107*cos((b))*cos((g)))/10 +
(2957*cos((a))*sin((g)))/50 + (1043*sin((a))*sin((g)))/10 +
(199*3~(1/2)*(cos((pi*(A4))/180) - 1))/400 + (1043*cos((a))*cos((g))*sin((b)))/10
- (2957*cos((g))*sin((a))*sin((b)))/50 + 20069/400)*(xp +
(531*cos((A4*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(199*37~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
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(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50 + 20069/400))"(1/2) -
(abs((597*cos((pi*A4)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A4)/180) - 1))/80 +
(2957*cos(a)*cos(g))/50 + (1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 -
(1043*cos(a)*sin(b)*sin(g))/10 + (2957*sin(a)*sin(b)*sin(g))/50 -
781/16)*(((1043*sin(a)*sin(g))/10 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50)*((597*cos((pi*(A4))/180))/400 - (yp) +
(2957*cos((a))*cos((g)))/50 + (1043*cos((g))*sin((a)))/10 +
(107*cos((b))*sin((g)))/10 + (531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10 -
781/16) + ((2957*cos((a))*sin((g)))/50 - (107*cos((b))*cos((g)))/10 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 -
(2957*cos((g))*sin((a))*sin((b)))/50)*((597*cos((pi*A4)/180))/400 - yp +
(531*%3~(1/2)*(cos((pi*A4)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1@43*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)))/(((597*cos((A4*pi)/180))/400 - yp +
(531*37(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1043*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)*((597*cos((pi*(A4))/180))/400 - (yp) +
(2957*cos((a))*cos((g)))/50 + (1043*cos((g))*sin((a)))/10 +
(107*cos((b))*sin((g)))/10 + (531*3~(1/2)*(cos((pi*(A4))/180) - 1))/80 +
(2957*sin((a))*sin((b))*sin((g)))/50 - (1043*cos((a))*sin((b))*sin((g)))/10 -
781/16))7(1/2))/(2*(abs(xp + (531*cos((A4*pi)/180))/80 + (1@43*sin(a)*sin(g))/10 +
(199*3~(1/2)*(cos((A4*pi)/180) - 1))/400 - (107*cos(b)*cos(g))/10 +
(2957*cos(a)*sin(g))/50 + (1043*cos(a)*cos(g)*sin(b))/10 -
(2957*cos(g)*sin(a)*sin(b))/50@ + 20069/400)"2 + abs(zp + (531*sin((A4*pi)/180))/40
+ (107*sin(b))/10 + (199*37~(1/2)*sin((A4*pi)/180))/200 + (1@43*cos(a)*cos(b))/10 -
(2957*cos(b)*sin(a))/50 - 327/20)"2 + abs((597*cos((A4*pi)/180))/400 - yp +
(531*%3~(1/2)*(cos((A4*pi)/180) - 1))/80 + (2957*cos(a)*cos(g))/50 +
(1043*cos(g)*sin(a))/10 + (107*cos(b)*sin(g))/10 - (1@43*cos(a)*sin(b)*sin(g))/10
+ (2957*sin(a)*sin(b)*sin(g))/50 - 781/16)"2)"(1/2));

(abs(xp - (531*cos((pi*A5)/180))/80 +
(1043*sin(a)*sin(g))/10 - (199*%3~(1/2)*(cos((pi*A5)/180) - 1))/400 +
(54*cos(b)*cos(g))/5 + (1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)*(xp - (531*cos((pi*A5)/180))/80 -
(531*cos((pi*(A5))/180))/80 + (xp) + (1043*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos((b))*cos((g)))/5 +
(1478*cos((a))*sin((g)))/25 + (1043*sin((a))*sin((g)))/10 -
(199*37(1/2)*(cos((pi*(A5))/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 + (1@43*cos((a))*cos((g))*sin((b)))/10 -
(1478*cos((g))*sin((a))*sin((b)))/25 - 20101/200))/(2*(((xp) -
(531*cos((pi*(A5))/180))/80 + (54*cos((b))*cos((g)))/5 +
(1478*cos((a))*sin((g)))/25 + (1043*sin((a))*sin((g)))/10 -
(199*3~(1/2)*(cos((pi*(A5))/180) - 1))/400 + (1043*cos((a))*cos((g))*sin((b)))/10
- (1478*cos((g))*sin((a))*sin((b)))/25 - 20101/400)*(xp -
(531*cos((A5*pi)/180))/80 + (1043*sin(a)*sin(g))/10 -
(199*37(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400))"(1/2)*(abs(xp -
(531*cos((A5*pi)/180))/80 + (1@43*sin(a)*sin(g))/10 -
(199*37(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)~2 + abs((597*cos((A5*pi)/180))/400 -
yp + (531*37(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
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(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)"2 + abs((531*sin((A5*pi)/180))/40 - zp
+ (54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)"2)"~(1/2)),

(abs((597*cos((pi*A5)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A5)/180) - 1))/80 +
(1478*cos(a)*cos(g))/25 + (1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 -
(1043*cos(a)*sin(b)*sin(g))/10 + (1478*sin(a)*sin(b)*sin(g))/25 -

19473/400)* ((597*cos((pi*A5)/180))/400 - yp + (597*cos((pi*(A5))/180))/400 - (yp)
+ (531*3~(1/2)*(cos((pi*A5)/180) - 1))/80 + (1478*cos((a))*cos((g)))/25 +
(1043*cos((g))*sin((a)))/10 - (54*cos((b))*sin((g)))/5 +
(531*%3~(1/2)*(cos((pi*(A5))/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - (1@43*cos((a))*sin((b))*sin((g)))/10 -
19473/200))/(2*(((597*cos((A5*pi)/180))/400 - yp + (531*3~(1/2)*(cos((A5*pi)/180)
- 1))/80 + (1478*cos(a)*cos(g))/25 + (1043*cos(g)*sin(a))/10 -
(54*cos(b)*sin(g))/5 - (1043*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)*((597*cos((pi*(A5))/180))/400 - (yp) +
(1478*cos((a))*cos((g)))/25 + (1043*cos((g))*sin((a)))/10 -
(54*cos((b))*sin((g)))/5 + (531*3~(1/2)*(cos((pi*(A5))/180) - 1))/80 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10 -
19473/400))"(1/2)*(abs(xp - (531*cos((A5*pi)/180))/80 + (1@43*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)"2 + abs((597*cos((A5*pi)/180))/400 -
yp + (531*37~(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)"2 + abs((531*sin((A5*pi)/180))/40 - zp
+ (54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)"2)"(1/2)), -
(abs((531*sin((pi*A5)/180))/40 - zp + (54*sin(b))/5 +
(199*37(1/2)*sin((pi*A5)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)*((54*sin((b)))/5 - zp +
(531*sin((pi*A5)/180))/40 + (531*sin((pi*(A5))/180))/40 + (54*sin(b))/5 - (zp) +
(199*37(1/2)*sin((pi*A5)/180))/200 + (199*3~(1/2)*sin((pi*(A5))/180))/200 -
(1043*cos((a))*cos((b)))/10 + (1478*cos((b))*sin((a)))/25 -
(1043*cos(a)*cos(b))/10 + (1478*cos(b)*sin(a))/25 +
327/10))/(2*(((531*sin((A5*pi)/180))/40 - zp + (54*sin(b))/5 +
(199*37(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)*((54*sin((b)))/5 + (531*sin((pi*(A5))/180))/40 -
(zp) + (199*3~(1/2)*sin((pi*(A5))/180))/200 - (1043*cos((a))*cos((b)))/10 +
(1478*cos((b))*sin((a)))/25 + 327/20))"~(1/2)*(abs(xp - (531*cos((A5*pi)/180))/80 +
(1e43*sin(a)*sin(g))/10 - (199*3~(1/2)*(cos((A5*pi)/180) - 1))/400 +
(54*cos(b)*cos(g))/5 + (1478*cos(a)*sin(g))/25 + (1@43*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)"2 + abs((597*cos((A5*pi)/180))/400 -
yp + (531*3~(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)"2 + abs((531*sin((A5*pi)/180))/40 - zp
+ (54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)72)~(1/2)),

((abs((597*cos((pi*A5)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A5)/180) - 1))/80 +
(1478*cos(a)*cos(g))/25 + (1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 -
(1043*cos(a)*sin(b)*sin(g))/10 + (1478*sin(a)*sin(b)*sin(g))/25 -
19473/400)*(((1043*cos(a)*cos(g))/10 - (1478*cos(g)*sin(a))/25 +
(1478*cos(a)*sin(b)*sin(g))/25 +
(1043*sin(a)*sin(b)*sin(g))/10)*((597*cos((pi*(A5))/180))/400 - (yp) +
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(1478*cos((a))*cos((g)))/25 + (1043*cos((g))*sin((a)))/10 -
(54*cos((b))*sin((g)))/5 + (531*3~(1/2)*(cos((pi*(A5))/180) - 1))/80 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10 -
19473/400) + ((1043*cos((a))*cos((g)))/10 - (1478*cos((g))*sin((a)))/25 +
(1043*sin((a))*sin((b))*sin((g)))/10 +
(1478*cos((a))*sin((b))*sin((g)))/25)*((597*cos((pi*A5)/180))/400 - yp +
(531*%3~(1/2)*(cos((pi*A5)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)))/(((597*cos((A5*pi)/180))/400 - yp +
(531*%3~(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1043*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)*((597*cos((pi*(A5))/180))/400 - (yp) +
(1478*cos((a))*cos((g)))/25 + (1043*cos((g))*sin((a)))/10 -
(54*cos((b))*sin((g)))/5 + (531*3~(1/2)*(cos((pi*(A5))/180) - 1))/80 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10 -
19473/400))"(1/2) - (abs(xp - (531*cos((pi*A5)/180))/80 + (1@43*sin(a)*sin(g))/10
- (199*37(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)*(((1478*sin(a)*sin(g))/25 -
(1043*cos(a)*sin(g))/10 + (1478*cos(a)*cos(g)*sin(b))/25 +
(1043*cos(g)*sin(a)*sin(b))/10)*((xp) - (531*cos((pi*(A5))/180))/80 +
(54*cos((b))*cos((g)))/5 + (1478*cos((a))*sin((g)))/25 +
(1043*sin((a))*sin((g)))/10 - (199*3~(1/2)*(cos((pi*(A5))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/10 - (1478*cos((g))*sin((a))*sin((b)))/25 -
20101/400) + ((1478*sin((a))*sin((g)))/25 - (1043*cos((a))*sin((g)))/10 +
(1478*cos((a))*cos((g))*sin((b)))/25 + (1043*cos((g))*sin((a))*sin((b)))/10)*(xp -
(531*cos((pi*A5)/180))/80 + (1@43*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)))/(((xp) - (531*cos((pi*(A5))/180))/80
+ (54*cos((b))*cos((g)))/5 + (1478*cos((a))*sin((g)))/25 +
(1043*sin((a))*sin((g)))/10 - (199*3~(1/2)*(cos((pi*(A5))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/10 - (1478*cos((g))*sin((a))*sin((b)))/25 -
20101/400)*(xp - (531*cos((A5*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 -
(199*37(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400))"~(1/2) +
(abs((531*sin((pi*A5)/180))/40 - zp + (54*sin(b))/5 +
(199*37(1/2)*sin((pi*A5)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)*(((1478*cos((a))*cos((b)))/25 +
(1043*cos((b))*sin((a)))/10)*((531*sin((pi*A5)/180))/40 - zp + (54*sin(b))/5 +
(199*37~(1/2)*sin((pi*A5)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20) + ((1478*cos(a)*cos(b))/25 +
(1043*cos(b)*sin(a))/10)*((54*sin((b)))/5 + (531*sin((pi*(A5))/180))/40 - (zp) +
(199*37(1/2)*sin((pi*(A5))/180))/200 - (1043*cos((a))*cos((b)))/10 +
(1478*cos((b))*sin((a)))/25 + 327/20)))/(((531*sin((A5*pi)/180))/40 - zp +
(54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)*((54*sin((b)))/5 + (531*sin((pi*(A5))/180))/40 -
(zp) + (199*3~(1/2)*sin((pi*(A5))/180))/200 - (1043*cos((a))*cos((b)))/10 +
(1478*cos((b))*sin((a)))/25 + 327/20))~(1/2))/(2*(abs(xp -
(531*cos((A5*pi)/180))/80 + (1@43*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)"2 + abs((597*cos((A5*pi)/180))/400 -
yp + (531*37(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
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(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)"2 + abs((531*sin((A5*pi)/180))/40 - zp
+ (54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)"~2)"(1/2)),

((abs((597*cos((pi*A5)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A5)/180) - 1))/80 +
(1478*cos(a)*cos(g))/25 + (1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 -
(1043*cos(a)*sin(b)*sin(g))/10 + (1478*sin(a)*sin(b)*sin(g))/25 -
19473/400)*(((54*sin(b)*sin(g))/5 - (1@43*cos(a)*cos(b)*sin(g))/10 +
(1478*cos(b)*sin(a)*sin(g))/25)*((597*cos((pi*(A5))/180))/400 - (yp) +
(1478*cos((a))*cos((g)))/25 + (1043*cos((g))*sin((a)))/10 -
(54*cos((b))*sin((g)))/5 + (531*3~(1/2)*(cos((pi*(A5))/180) - 1))/80 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10 -
19473/400) + ((54*sin((b))*sin((g)))/5 - (1@43*cos((a))*cos((b))*sin((g)))/10 +
(1478*cos((b))*sin((a))*sin((g)))/25)*((597*cos((pi*A5)/180))/400 - yp +
(531*37~(1/2)*(cos((pi*A5)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)))/(((597*cos((A5*pi)/180))/400 - yp +
(531*%3~(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)*((597*cos((pi*(A5))/180))/400 - (yp) +
(1478*cos((a))*cos((g)))/25 + (1043*cos((g))*sin((a)))/10 -
(54*cos((b))*sin((g)))/5 + (531*3~(1/2)*(cos((pi*(A5))/180) - 1))/80 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10 -
19473/400))7(1/2) - (abs(xp - (531*cos((pi*A5)/180))/80 + (1043*sin(a)*sin(g))/1e
- (199*3~(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)*(((54*cos(g)*sin(b))/5 -
(1043*cos(a)*cos(b)*cos(g))/10 + (1478*cos(b)*cos(g)*sin(a))/25)*((xp) -
(531*cos((pi*(A5))/180))/80 + (54*cos((b))*cos((g)))/5 +
(1478*cos((a))*sin((g)))/25 + (1043*sin((a))*sin((g)))/10 -
(199*3~(1/2)*(cos((pi*(A5))/180) - 1))/400 + (1043*cos((a))*cos((g))*sin((b)))/10
- (1478*cos((g))*sin((a))*sin((b)))/25 - 20101/400) + ((54*cos((g))*sin((b)))/5 -
(1043*cos((a))*cos((b))*cos((g)))/10 + (1478*cos((b))*cos((g))*sin((a)))/25)*(xp -
(531*cos((pi*A5)/180))/80 + (1043*sin(a)*sin(g))/10 -
(199*37(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)))/(((xp) - (531*cos((pi*(A5))/180))/80
+ (54*cos((b))*cos((g)))/5 + (1478*cos((a))*sin((g)))/25 +
(1043*sin((a))*sin((g)))/10 - (199*3~(1/2)*(cos((pi*(A5))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/10 - (1478*cos((g))*sin((a))*sin((b)))/25 -
20101/400)*(xp - (531*cos((A5*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400))"(1/2) +
(abs((531*sin((pi*A5)/180))/40 - zp + (54*sin(b))/5 +
(199*37(1/2)*sin((pi*A5)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)*(((54*cos((b)))/5 + (1043*cos((a))*sin((b)))/10
- (1478*sin((a))*sin((b)))/25)*((531*sin((pi*A5)/180))/40 - zp + (54*sin(b))/5 +
(199*37(1/2)*sin((pi*A5)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20) + ((54*cos(b))/5 - (1478*sin(a)*sin(b))/25 +
(1043*cos(a)*sin(b))/10)*((54*sin((b)))/5 + (531*sin((pi*(A5))/180))/40 - (zp) +
(199*37~(1/2)*sin((pi*(A5))/180))/200 - (1043*cos((a))*cos((b)))/10 +
(1478*cos((b))*sin((a)))/25 + 327/20)))/(((531*sin((A5*pi)/180))/40 - zp +
(54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)*((54*sin((b)))/5 + (531*sin((pi*(A5))/180))/40 -
(zp) + (199*3~(1/2)*sin((pi*(A5))/180))/200 - (1043*cos((a))*cos((b)))/10 +
(1478*cos((b))*sin((a)))/25 + 327/20))~(1/2))/(2*(abs(xp -
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(531*cos((A5*pi)/180))/80 + (1043*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)"~2 + abs((597*cos((A5*pi)/180))/400 -
yp + (531*3~(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)"2 + abs((531*sin((A5*pi)/180))/40 - zp
+ (54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)"2)"(1/2)),

((abs(xp - (531*cos((pi*A5)/180))/80 + (1043*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)*(((1478*cos((a))*cos((g)))/25 +
(1043*cos((g))*sin((a)))/10 - (54*cos((b))*sin((g)))/5 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10)*(xp -
(531*cos((pi*A5)/180))/80 + (1043*sin(a)*sin(g))/10 -
(199*37(1/2)*(cos((pi*A5)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400) + ((1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1043*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25)*((xp) - (531*cos((pi*(A5))/180))/80 +
(54*cos((b))*cos((g)))/5 + (1478*cos((a))*sin((g)))/25 +
(1043*sin((a))*sin((g)))/10 - (199*3~(1/2)*(cos((pi*(A5))/180) - 1))/400 +
(1043*cos((a))*cos((g))*sin((b)))/10 - (1478*cos((g))*sin((a))*sin((b)))/25 -
20101/400)))/(((xp) - (531*cos((pi*(A5))/180))/80 + (54*cos((b))*cos((g)))/5 +
(1478*cos((a))*sin((g)))/25 + (1043*sin((a))*sin((g)))/10 -
(199*3~(1/2)*(cos((pi*(A5))/180) - 1))/400 + (1043*cos((a))*cos((g))*sin((b)))/10
- (1478*cos((g))*sin((a))*sin((b)))/25 - 20101/400)*(xp -
(531*cos((A5*pi)/180))/80 + (1043*sin(a)*sin(g))/10 -
(199*3~(1/2)*(cos((A5*pi)/180) - 1))/400 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400))"(1/2) -
(abs((597*cos((pi*A5)/180))/400 - yp + (531*3~(1/2)*(cos((pi*A5)/180) - 1))/80 +
(1478*cos(a)*cos(g))/25 + (1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 -
(1043*cos(a)*sin(b)*sin(g))/10 + (1478*sin(a)*sin(b)*sin(g))/25 -
19473/400)*(((1043*sin(a)*sin(g))/10 + (54*cos(b)*cos(g))/5 +
(1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
(1478*cos(g)*sin(a)*sin(b))/25)*((597*cos((pi*(A5))/180))/400 - (yp) +
(1478*cos((a))*cos((g)))/25 + (1043*cos((g))*sin((a)))/10 -
(54*cos((b))*sin((g)))/5 + (531*3~(1/2)*(cos((pi*(A5))/180) - 1))/80 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10 -
19473/400) + ((54*cos((b))*cos((g)))/5 + (1478*cos((a))*sin((g)))/25 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 -
(1478*cos((g))*sin((a))*sin((b)))/25)*((597*cos((pi*A5)/180))/400 - yp +
(531*%3~(1/2)*(cos((pi*A5)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)))/(((597*cos((A5*pi)/180))/400 - yp +
(531*3~(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1043*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)*((597*cos((pi*(A5))/180))/400 - (yp) +
(1478*cos((a))*cos((g)))/25 + (1043*cos((g))*sin((a)))/10 -
(54*cos((b))*sin((g)))/5 + (531*3~(1/2)*(cos((pi*(A5))/180) - 1))/80 +
(1478*sin((a))*sin((b))*sin((g)))/25 - (1043*cos((a))*sin((b))*sin((g)))/10 -
19473/400))~(1/2))/(2*(abs(xp - (531*cos((A5*pi)/180))/80 +
(1e43*sin(a)*sin(g))/10 - (199*3~(1/2)*(cos((A5*pi)/180) - 1))/400 +
(54*cos(b)*cos(g))/5 + (1478*cos(a)*sin(g))/25 + (1043*cos(a)*cos(g)*sin(b))/10 -
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(1478*cos(g)*sin(a)*sin(b))/25 - 20101/400)"2 + abs((597*cos((A5*pi)/180))/400 -
yp + (531*3~(1/2)*(cos((A5*pi)/180) - 1))/80 + (1478*cos(a)*cos(g))/25 +
(1043*cos(g)*sin(a))/10 - (54*cos(b)*sin(g))/5 - (1@43*cos(a)*sin(b)*sin(g))/10 +
(1478*sin(a)*sin(b)*sin(g))/25 - 19473/400)"2 + abs((531*sin((A5*pi)/180))/40 - zp
+ (54*sin(b))/5 + (199*3~(1/2)*sin((A5*pi)/180))/200 - (1043*cos(a)*cos(b))/10 +
(1478*cos(b)*sin(a))/25 + 327/20)"2)"(1/2));

(abs(xp - (231*cos((pi*A6)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((pi*A6)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)*(xp - (231*cos((pi*A6)/180))/80 -
(231*cos((pi*(A6))/180))/80 + (xp) + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((pi*A6)/180) - 1))/4000 + (1414*cos((b))*cos((g)))/25 -
(203*cos((a))*sin((g)))/10 + (1043*sin((a))*sin((g)))/10 +
(23989*37(1/2)*(cos((pi*(A6))/180) - 1))/4000 + (1414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(203*cos((g))*sin((a))*sin((b)))/10 - 26601/200))/(2*(((xp) -
(231*cos((pi*(A6))/180))/80 + (1414*cos((b))*cos((g)))/25 -
(203*cos((a))*sin((g)))/10 + (1043*sin((a))*sin((g)))/10 +
(23989*37(1/2)*(cos((pi*(A6))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (203*cos((g))*sin((a))*sin((b)))/10 -
26601/400)*(xp - (231*cos((A6*pi)/180))/80 + (1l@43*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400))"(1/2)*(abs(xp -
(231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)"2 + abs(yp +

(71967*cos ((A6*pi)/180))/4000 - (231*3~(1/2)*(cos((A6*pi)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)"2 +
abs(zp - (231*sin((A6*pi)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)"~2)"~(1/2)), (abs(yp +
(71967*cos((pi*A6)/180))/4000 - (231*3~(1/2)*(cos((pi*A6)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (141l4*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)*(yp +
(71967*cos ((pi*A6)/180)) /4000 + (71967*cos((pi*(A6))/180))/4000 + (yp) -
(231*%37~(1/2)*(cos((pi*A6)/180) - 1))/80 + (203*cos((a))*cos((g)))/10 -
(1043*cos((g))*sin((a)))/10 + (1414*cos((b))*sin((g)))/25 -
(231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 + (203*cos(a)*cos(g))/10 -
(1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos(a)*sin(b)*sin(g))/10 +
(203*sin(a)*sin(b)*sin(g))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/2000))/(2*(((71967*cos((pi*(A6))/180))/4000 + (yp) +
(203*cos((a))*cos((g)))/10 - (1043*cos((g))*sin((a)))/10 +
(1414*cos((b))*sin((g)))/25 - (231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/4000)*(yp + (71967*cos((A6*pi)/180))/4000 - (231*3~(1/2)*(cos((A6*pi)/180) -
1))/80 + (203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 +
(1414*cos(b)*sin(g))/25 + (1043*cos(a)*sin(b)*sin(g))/10 +
(203*sin(a)*sin(b)*sin(g))/10 + 30193/4000))~(1/2)*(abs(xp -
(231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
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(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)"2 + abs(yp +

(71967*cos ((A6*pi)/180))/4000 - (231*3~(1/2)*(cos((A6*pi)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)"2 +
abs(zp - (231*sin((A6*pi)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)"~2)"~(1/2)), (abs(zp - (231*sin((pi*A6)/180))/40 -
(1414*sin(b))/25 + (23989*37(1/2)*sin((pi*A6)/180))/2000 + (1l043*cos(a)*cos(b))/10
+ (203*cos(b)*sin(a))/10 - 327/20)*(zp - (1414*sin((b)))/25 -
(231*sin((pi*A6)/180))/40 - (231*sin((pi*(A6))/180))/40 - (1414*sin(b))/25 + (zp)
+ (23989*37(1/2)*sin((pi*A6)/180))/2000 + (23989*3~(1/2)*sin((pi*(A6))/180))/2000
+ (1043*cos((a))*cos((b)))/10 + (203*cos((b))*sin((a)))/10 +
(1043*cos(a)*cos(b))/10 + (203*cos(b)*sin(a))/10 - 327/10))/(2*((zp -
(231*sin((A6*pi)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)*((zp) - (231*sin((pi*(A6))/180))/40 -
(1414*sin((b)))/25 + (23989*3~(1/2)*sin((pi*(A6))/180))/2000 +
(1043*cos((a))*cos((b)))/10 + (203*cos((b))*sin((a)))/10 - 327/20))~(1/2)*(abs(xp
- (231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l4l4*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)"2 + abs(yp +

(71967*cos ((A6*pi)/180))/4000 - (231*37(1/2)*(cos((A6*pi)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (141l4*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)"2 +
abs(zp - (231*sin((A6*pi)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((A6*pi)/180))/2000 + (1@43*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)"2)~(1/2)), ((abs(xp - (231*cos((pi*A6)/180))/80 +
(1043*sin(a)*sin(g))/10 + (23989*3~(1/2)*(cos((pi*A6)/180) - 1))/4000 +
(1414*cos(b)*cos(g))/25 - (203*cos(a)*sin(g))/10 + (1@43*cos(a)*cos(g)*sin(b))/10
+ (203*cos(g)*sin(a)*sin(b))/10 - 26601/400)*(((203*sin(a)*sin(g))/10 +
(1e43*cos(a)*sin(g))/10 + (203*cos(a)*cos(g)*sin(b))/10 -
(1043*cos(g)*sin(a)*sin(b))/10)*((xp) - (231*cos((pi*(A6))/180))/80 +
(1414*cos((b))*cos((g)))/25 - (203*cos((a))*sin((g)))/10 +
(1043*sin((a))*sin((g)))/10 + (23989*3~(1/2)*(cos((pi*(A6))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (203*cos((g))*sin((a))*sin((b)))/10 -
26601/400) + ((1043*cos((a))*sin((g)))/10 + (203*sin((a))*sin((g)))/10 +
(203*cos((a))*cos((g))*sin((b)))/10 - (1043*cos((g))*sin((a))*sin((b)))/10)*(xp -
(231*cos((pi*A6)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((pi*A6)/180) - 1))/4000 + (1l4l1l4*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)))/(((xp) - (231*cos((pi*(A6))/180))/80
+ (1414*cos((b))*cos((g)))/25 - (203*cos((a))*sin((g)))/10 +
(1043*sin((a))*sin((g)))/10 + (23989*3~(1/2)*(cos((pi*(A6))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (203*cos((g))*sin((a))*sin((b)))/10 -
26601/400)*(xp - (231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400))"(1/2) + (abs(zp -
(231*sin((pi*A6)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((pi*A6)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)*(((203*cos((a))*cos((b)))/10 -
(1043*cos((b))*sin((a)))/10)*(zp - (231*sin((pi*A6)/180))/40 - (1414*sin(b))/25 +
(23989*3~(1/2)*sin((pi*A6)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(2@3*cos(b)*sin(a))/10 - 327/20) + ((203*cos(a)*cos(b))/10 -
(1043*cos(b)*sin(a))/18)*((zp) - (231*sin((pi*(A6))/180))/40 - (1414*sin((b)))/25
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+ (23989*%37(1/2)*sin((pi*(A6))/180))/2000 + (1043*cos((a))*cos((b)))/10 +
(203*cos((b))*sin((a)))/10 - 327/20)))/((zp - (231*sin((A6*pi)/180))/40 -
(1414*sin(b))/25 + (23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10
+ (20@3*cos(b)*sin(a))/10 - 327/20)*((zp) - (231*sin((pi*(A6))/180))/40 -
(1414*sin((b)))/25 + (23989*37(1/2)*sin((pi*(A6))/180))/2000 +
(1043*cos((a))*cos((b)))/10 + (203*cos((b))*sin((a)))/10 - 327/20))"~(1/2) -
(abs(yp + (71967*cos((pi*A6)/180))/4000 - (231*3~(1/2)*(cos((pi*A6)/180) - 1))/80
+ (203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1e43*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 +
30193/4000)*(((1043*cos(a)*cos(g))/10 + (203*cos(g)*sin(a))/10 -
(203*cos(a)*sin(b)*sin(g))/10 +
(1043*sin(a)*sin(b)*sin(g))/10)*((71967*cos((pi*(A6))/180))/4000 + (yp) +
(203*cos((a))*cos((g)))/10 - (1043*cos((g))*sin((a)))/10 +
(1414*cos((b))*sin((g)))/25 - (231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/4000) + ((1043*cos((a))*cos((g)))/10 + (203*cos((g))*sin((a)))/10 +
(1043*sin((a))*sin((b))*sin((g)))/10 - (203*cos((a))*sin((b))*sin((g)))/10)*(yp +
(71967*cos((pi*A6)/180))/4000 - (231*37~(1/2)*(cos((pi*A6)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 +
30193/4000)))/(((71967*cos((pi*(A6))/180))/4000 + (yp) +
(203*cos((a))*cos((g)))/10 - (1043*cos((g))*sin((a)))/10 +
(1414*cos((b))*sin((g)))/25 - (231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/4000)* (yp + (71967*cos((A6*pi)/180))/4000 - (231*3~(1/2)*(cos((A6*pi)/180) -
1))/80 + (203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 +
(1414*cos(b)*sin(g))/25 + (1043*cos(a)*sin(b)*sin(g))/10 +
(203*sin(a)*sin(b)*sin(g))/10 + 30193/4000))"(1/2))/(2*(abs(xp -
(231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l4l4*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)"2 + abs(yp +
(71967*cos((A6*pi)/180))/4000 - (231*37~(1/2)*(cos((A6*pi)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1l4la*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)"2 +
abs(zp - (231*sin((A6*pi)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)"~2)~(1/2)), ((abs(yp +

(71967*cos ((pi*A6)/180)) /4000 - (231*3~(1/2)*(cos((pi*A6)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 +
30193/4000)*(((1043*cos((a))*cos((b))*sin((g)))/10 - (1414*sin((b))*sin((g)))/25 +
(203*cos((b))*sin((a))*sin((g)))/10)*(yp + (71967*cos((pi*A6)/180))/4000 -
(231*37~(1/2)*(cos((pi*A6)/180) - 1))/80 + (203*cos(a)*cos(g))/10 -
(1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 + (1043*cos(a)*sin(b)*sin(g))/10
+ (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000) + ((1l@43*cos(a)*cos(b)*sin(g))/10 -
(1414*sin(b)*sin(g))/25 +
(203*cos(b)*sin(a)*sin(g))/10)*((71967*cos((pi*(A6))/180))/4000 + (yp) +
(203*cos((a))*cos((g)))/10 - (1043*cos((g))*sin((a)))/10 +
(1414*cos((b))*sin((g)))/25 - (231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/4000)))/(((71967*cos((pi*(A6))/180))/4000 + (yp) +
(203*cos((a))*cos((g)))/10 - (1043*cos((g))*sin((a)))/10 +
(1414*cos((b))*sin((g)))/25 - (231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/4000)*(yp + (71967*cos((A6*pi)/180))/4000 - (231*3~(1/2)*(cos((A6*pi)/180) -
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1))/80 + (203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 +
(1414*cos(b)*sin(g))/25 + (1043*cos(a)*sin(b)*sin(g))/10 +
(203*sin(a)*sin(b)*sin(g))/10 + 30193/4000))"(1/2) - (abs(zp -
(231*sin((pi*A6)/180))/40 - (1414*sin(b))/25 +
(23989*3~(1/2)*sin((pi*A6)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)*(((1414*cos((b)))/25 +
(1043*cos((a))*sin((b)))/10 + (203*sin((a))*sin((b)))/10)*(zp -
(231*sin((pi*A6)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((pi*A6)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20) + ((1414*cos(b))/25 + (203*sin(a)*sin(b))/10 +
(1043*cos(a)*sin(b))/10)*((zp) - (231*sin((pi*(A6))/180))/40 - (1414*sin((b)))/25
+ (23989*%37(1/2)*sin((pi*(A6))/180))/2000 + (1043*cos((a))*cos((b)))/10 +
(203*cos((b))*sin((a)))/10 - 327/20)))/((zp - (231*sin((A6*pi)/180))/40 -
(1414*sin(b))/25 + (23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10
+ (203*cos(b)*sin(a))/10 - 327/20)*((zp) - (231*sin((pi*(A6))/180))/40 -
(1414*sin((b)))/25 + (23989*3~(1/2)*sin((pi*(A6))/180))/2000 +
(1043*cos((a))*cos((b)))/10 + (203*cos((b))*sin((a)))/10 - 327/20))~(1/2) +
(abs(xp - (231*cos((pi*A6)/180))/80 + (1@43*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((pi*A6)/180) - 1))/4000 + (1414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)*(((1043*cos(a)*cos(b)*cos(g))/10 -
(1414*cos(g)*sin(b))/25 + (203*cos(b)*cos(g)*sin(a))/10)*((xp) -
(231*cos((pi*(A6))/180))/80 + (1414*cos((b))*cos((g)))/25 -
(203*cos((a))*sin((g)))/10 + (1043*sin((a))*sin((g)))/10 +
(23989*37(1/2)*(cos((pi*(A6))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (203*cos((g))*sin((a))*sin((b)))/10 -
26601/400) + ((1043*cos((a))*cos((b))*cos((g)))/10 - (1414*cos((g))*sin((b)))/25 +
(203*cos((b))*cos((g))*sin((a)))/10)*(xp - (231*cos((pi*A6)/180))/80 +
(1043*sin(a)*sin(g))/10 + (23989*3~(1/2)*(cos((pi*A6)/180) - 1))/4000 +
(1414*cos(b)*cos(g))/25 - (203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10
+ (203*cos(g)*sin(a)*sin(b))/10 - 26601/400)))/(((xp) -
(231*cos((pi*(A6))/180))/80 + (1414*cos((b))*cos((g)))/25 -
(203*cos((a))*sin((g)))/10 + (1043*sin((a))*sin((g)))/10 +
(23989*37(1/2)*(cos((pi*(A6))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (203*cos((g))*sin((a))*sin((b)))/10 -
26601/400)*(xp - (231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400))"(1/2))/(2*(abs(xp -
(231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)"2 + abs(yp +

(71967*cos ((A6*pi)/180))/4000 - (231*3~(1/2)*(cos((A6*pi)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)"2 +
abs(zp - (231*sin((A6*pi)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)72)"(1/2)), -((abs(xp - (231*cos((pi*A6)/180))/80
+ (1e43*sin(a)*sin(g))/10 + (23989*3~(1/2)*(cos((pi*A6)/180) - 1))/4000 +
(1414*cos(b)*cos(g))/25 - (203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10
+ (203*cos(g)*sin(a)*sin(b))/10 - 26601/400)*(((203*cos((a))*cos((g)))/10 -
(1043*cos((g))*sin((a)))/10 + (1414*cos((b))*sin((g)))/25 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10)*(xp -
(231*cos((pi*A6)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((pi*A6)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
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(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400) + ((203*cos(a)*cos(g))/10 -
(1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 + (1@43*cos(a)*sin(b)*sin(g))/10
+ (203*sin(a)*sin(b)*sin(g))/10)*((xp) - (231*cos((pi*(A6))/180))/80 +
(1414*cos((b))*cos((g)))/25 - (203*cos((a))*sin((g)))/10 +
(1043*sin((a))*sin((g)))/10 + (23989*3~(1/2)*(cos((pi*(A6))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (203*cos((g))*sin((a))*sin((b)))/10 -
26601/400)))/(((xp) - (231*cos((pi*(A6))/180))/80 + (1414*cos((b))*cos((g)))/25 -
(203*cos((a))*sin((g)))/10 + (1043*sin((a))*sin((g)))/10 +
(23989*37(1/2)*(cos((pi*(A6))/180) - 1))/4000 +
(1043*cos((a))*cos((g))*sin((b)))/10 + (203*cos((g))*sin((a))*sin((b)))/10 -
26601/400)*(xp - (231*cos((A6*pi)/180))/80 + (1043*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l414*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400))~(1/2) - (abs(yp +

(71967*cos ((pi*A6)/180)) /4000 - (231*3~(1/2)*(cos((pi*A6)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 +

30193/4000)* (((1414*cos((b))*cos((g)))/25 - (203*cos((a))*sin((g)))/10 +
(1043*sin((a))*sin((g)))/10 + (1043*cos((a))*cos((g))*sin((b)))/10 +
(203*cos((g))*sin((a))*sin((b)))/10)*(yp + (71967*cos((pi*A6)/180))/4000 -
(231*3~(1/2)*(cos((pi*A6)/180) - 1))/80 + (203*cos(a)*cos(g))/10 -
(1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 + (1@43*cos(a)*sin(b)*sin(g))/10
+ (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000) + ((1@43*sin(a)*sin(g))/10 +
(1414*cos(b)*cos(g))/25 - (203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10
+ (203*cos(g)*sin(a)*sin(b))/10)*((71967*cos((pi*(A6))/180))/4000 + (yp) +
(203*cos((a))*cos((g)))/10 - (1043*cos((g))*sin((a)))/10 +
(1414*cos((b))*sin((g)))/25 - (231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/4000)))/(((71967*cos((pi*(A6))/180))/4000 + (yp) +
(203*cos((a))*cos((g)))/10 - (1043*cos((g))*sin((a)))/10 +
(1414*cos((b))*sin((g)))/25 - (231*3~(1/2)*(cos((pi*(A6))/180) - 1))/80 +
(203*sin((a))*sin((b))*sin((g)))/10 + (1043*cos((a))*sin((b))*sin((g)))/10 +
30193/4000)* (yp + (71967*cos((A6*pi)/180))/4000 - (231*3~(1/2)*(cos((A6*pi)/180) -
1))/80 + (203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 +
(1414*cos(b)*sin(g))/25 + (1043*cos(a)*sin(b)*sin(g))/10 +
(203*sin(a)*sin(b)*sin(g))/10 + 30193/4000))7(1/2))/(2*(abs(xp -
(231*cos((A6*pi)/180))/80 + (1@43*sin(a)*sin(g))/10 +
(23989*37(1/2)*(cos((A6*pi)/180) - 1))/4000 + (1l4l4*cos(b)*cos(g))/25 -
(203*cos(a)*sin(g))/10 + (1043*cos(a)*cos(g)*sin(b))/10 +
(203*cos(g)*sin(a)*sin(b))/10 - 26601/400)"2 + abs(yp +
(71967*cos((A6*pi)/180))/4000 - (231*37~(1/2)*(cos((A6*pi)/180) - 1))/80 +
(203*cos(a)*cos(g))/10 - (1043*cos(g)*sin(a))/10 + (1414*cos(b)*sin(g))/25 +
(1043*cos(a)*sin(b)*sin(g))/10 + (203*sin(a)*sin(b)*sin(g))/10 + 30193/4000)"2 +
abs(zp - (231*sin((A6*pi)/180))/40 - (1414*sin(b))/25 +
(23989*37(1/2)*sin((A6*pi)/180))/2000 + (1043*cos(a)*cos(b))/10 +
(203*cos(b)*sin(a))/10 - 327/20)72)~(1/2));

15

end
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B. Cddigo de la programacion

Joystick_entorno_virtual de Arduino

#include <math.h>
#include <Arduino.h>
#include <stdio.h>

#tdefine N 6
#tdefine PI 3.

14159265358979323846

#tdefine RT 13

// Variables
long t1 =0 ;
long t2 = 0 ;

para medir el tiempo

int T = 50; // Periodo de muestreo en milisegundos

// Posiciones iniciales y variables de iteracidn

float x0[]
float x1[]
int it_max

{0, o, 20, 0, 0, 0};
{6, o, 20, 0, 0, 0};
1000;

// Funcidén para calcular la posicion del joystick
void myfun(float x[], float Angle[],float f[]) {

float xp
float yp
float zp
float a
float b
float g

float Al
float A2
float A3
float A4
float A5
float A6

// Calcul
float f11

x[e];

x[1];

x[2];
x[3] / 180.0 * PI;
x[4] / 180.0 * PI;
x[5] / 180.0 * PI;

= Angle[0];
= Angle[1];
= Angle[2];
= Angle[3];
= Angle[4];
= Angle[5];

o de las ecuaciones de restricciones
yp + (4119 * cos(a) * cos(g)) / 1@@ - (13817 * cos(g) *

sin(a)) / 100 + (1177 * cos(b) * sin(g)) / 25 + (13817 * cos(a) * sin(b) *
sin(g)) / 100 + (4119 * sin(a) * sin(b) * sin(g)) / 100 - 183 / 2;

float f12

= 20 * sin((PI * A1) / 180) - zp + (1177 * sin(b)) / 25 - (13817

* cos(a) * cos(b)) / 100 - (4119 * cos(b) * sin(a)) / 100 + 327 / 20,
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float f13 = xp + 20 * cos((PI * Al) / 180) + (13817 * sin(a) * sin(g)) /
100 + (1177 * cos(b) * cos(g)) / 25 - (4119 * cos(a) * sin(g)) / 1ee + (13817
* cos(a) * cos(g) * sin(b)) / 100 + (4119 * cos(g) * sin(a) * sin(b)) / 1ee0 -
35;

f[@] = sqrt(pow(fll, 2) + pow(fl2, 2) + pow(f1l3, 2)) - 135;

float f21
sin(a)) / 1e0

yp + (3903 * cos(a) * cos(g)) / 100 - (13817 * cos(g) *
(4889 * cos(b) * sin(g)) / 100 + (13817 * cos(a) * sin(b) *
sin(g)) / 100 + (3903 * sin(a) * sin(b) * sin(g)) / 100 - 183 / 2;

float 22 = zp + 20 * sin((PI * A2) / 180) + (4889 * sin(b)) / 100 +
(13817 * cos(a) * cos(b)) / 100 + (3903 * cos(b) * sin(a)) / 100 - 327 / 20;

float 23 = xp - 20 * cos((PI * A2) / 180) + (13817 * sin(a) * sin(g)) /
100 - (4889 * cos(b) * cos(g)) / 100 - (3903 * cos(a) * sin(g)) / 1e@ + (13817
* cos(a) * cos(g) * sin(b)) / 100 + (3903 * cos(g) * sin(a) * sin(b)) / 100 +
35;

f[1] = sqrt(pow(f21, 2) + pow(f22, 2) + pow(f23, 2)) - 135;

I+

float 31 = xp + (183 * cos((PI * A3) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 - (683 * sqrt(3) * (cos((PI * A3) / 180) - 1)) / 100 - (5921 *
cos(b) * cos(g)) / 100 - (2017 * cos(a) * sin(g)) / 100 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 + (2017 * cos(g) * sin(a) * sin(b)) / 100 + 8491 / 100;

float 32 = yp + (2049 * cos((PI * A3) / 180)) / 100 - (183 * sqrt(3) *
(cos((PI * A3) / 180) - 1)) / 100 + (2017 * cos(a) * cos(g)) / 100 - (13817 *
cos(g) * sin(a)) / 100 - (5921 * cos(b) * sin(g)) / 100 + (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (2017 * sin(a) * sin(b) * sin(g)) / 100 + 1227 / 100;

float 33 = zp + (183 * sin((PI * A3) / 180)) / 50 + (5921 * sin(b)) / 100
- (683 * sqrt(3) * sin((PI * A3) / 180)) / 50 + (13817 * cos(a) * cos(b)) /
100 + (2017 * cos(b) * sin(a)) / 100 - 327 / 20;

f[2] = sqrt(pow(f31, 2) + pow(f32, 2) + pow(f33, 2)) - 135;

float f41 = xp + (683 * cos((PI * A4) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 + (183 * sqrt(3) * (cos((PI * A4) / 180) - 1)) / 1ee - (607 *
cos(b) * cos(g)) / 50 + (6137 * cos(a) * sin(g)) / 100 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 - (6137 * cos(g) * sin(a) * sin(b)) / 100 + 6491 / 100;

float f42 = zp + (683 * sin((PI * A4) / 180)) / 50 + (607 * sin(b)) / 50 +
(183 * sqgrt(3) * sin((PI * A4) / 180)) / 50 + (13817 * cos(a) * cos(b)) / 100
- (6137 * cos(b) * sin(a)) / 100 - 327 / 20;

float f43 = (549 * cos((PI * A4) / 180)) / 100 - yp + (683 * sqrt(3) *
(cos((PI * A4) / 180) - 1)) / 100 + (6137 * cos(a) * cos(g)) / 100 + (13817 *
cos(g) * sin(a)) / 100 + (607 * cos(b) * sin(g)) / 50 - (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (6137 * sin(a) * sin(b) * sin(g)) / 100 - 6423 / 100;

f[3] = sqrt(pow(f41l, 2) + pow(f42, 2) + pow(f43, 2)) - 135;

float f51 = xp - (683 * cos((PI * A5) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 - (183 * sqrt(3) * (cos((PI * A5) / 180) - 1)) / 100 + (234 *
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cos(b) * cos(g)) / 25 + (3093 * cos(a) * sin(g)) / 50 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 - (3093 * cos(g) * sin(a) * sin(b)) / 50 - 6491 / 100;
float 52 = (549 * cos((PI * A5) / 180)) / 100 - yp + (683 * sqrt(3) *
(cos((PI * A5) / 180) - 1)) / 100 + (3093 * cos(a) * cos(g)) / 50 + (13817 *

cos(g) * sin(a)) / 100 - (234 * cos(b) * sin(g)) / 25 - (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (3093 * sin(a) * sin(b) * sin(g)) / 50 - 6423 / 100;
float f53 = (683 * sin((PI * A5) / 180)) / 50 - zp + (234 * sin(b)) / 25
(183 * sqgrt(3) * sin((PI * A5) / 180)) / 50 - (13817 * cos(a) * cos(b)) / 100
+ (3093 * cos(b) * sin(a)) / 50 + 327 / 20;
f[4] = sqrt(pow(f51, 2) + pow(f52, 2) + pow(f53, 2)) - 135;

=+

float f61 = xp - (183 * cos((PI * A6) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 + (683 * sqrt(3) * (cos((PI * A6) / 180) - 1)) / 100 + (233 *
cos(b) * cos(g)) / 4 - (1141 * cos(a) * sin(g)) / 50 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 + (1141 * cos(g) * sin(a) * sin(b)) / 50 - 8491 / 100;

float f62 = yp + (2049 * cos((PI * A6) / 180)) / 100 - (183 * sqrt(3) *
(cos((PI * A6) / 180) - 1)) / 100 + (1141 * cos(a) * cos(g)) / 50 - (13817 *
cos(g) * sin(a)) / 100 + (233 * cos(b) * sin(g)) / 4 + (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (1141 * sin(a) * sin(b) * sin(g)) / 50 + 1227 / 100;

float f63 = zp - (183 * sin((PI * A6) / 180)) / 50 - (233 * sin(b)) / 4 +
(683 * sqrt(3) * sin((PI * A6) / 180)) / 50 + (13817 * cos(a) * cos(b)) / 100
+ (1141 * cos(b) * sin(a)) / 50 - 327 / 20;

f[5] = sqrt(pow(f6l, 2) + pow(f62, 2) + pow(f63, 2)) - 135;

// Funcidén para calcular la matriz Jacobiana
void myJacobi(float x[], float Angle[], float s_J[]){
float xp = x[0];
float yp = x[1];
float zp = x[2];
float a = x[3] / 180.0 * PI;
float b = x[4] / 180.0 * PI;
float g = x[5] / 180.0 * PI;

float Al = Angle[0];
float A2 = Angle[1];
float A3 = Angle[2];
float A4 = Angle[3];
float A5 = Angle[4];
float A6 = Angle[5];

// Genera variables auxiliares para facilitar el calculo por partes
float a_tmp;

float a_tmp_tmp;

float a_tmp_tmp_tmp;

float a_tmp_tmp_tmp_tmp;
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float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

ab_a_tmp_tmp;
ab_a_tmp_tmp_tmp;

ab s J tmp_ tmp;
ab_s_J_tmp_tmp_tmp;
ac_a_tmp_tmp;

b a tmp;
b_a_tmp_tmp;

b a tmp _tmp_ tmp;
b_a_tmp_tmp_tmp_tmp;
b_s J_tmp;

b s J tmp tmp;
b_s_J_tmp_tmp_tmp;
b_s J _tmp_tmp_tmp_tmp;
bb_a_tmp_tmp;

bb_a_ tmp_tmp_tmp;
bb_s J _tmp_tmp_tmp;
bc_a_tmp_tmp;
c_a_tmp;
c_a_tmp_tmp;
c_a_tmp_tmp_tmp;
c_a_tmp_tmp_tmp_tmp;
c_s_J_tmp;
c_s_J_tmp_tmp;
c_s_J_tmp_tmp_tmp;
c_s_J_tmp_tmp_tmp_tmp;
cb_a _tmp_tmp;
cb_a_tmp_tmp_tmp;

cb s J tmp _tmp_tmp;
cc_a_tmp_tmp;
d_a_tmp;

d a_tmp tmp;
d_a_tmp_tmp_tmp;

d _a_tmp tmp_tmp tmp;
d s J tmp;

d_s_J _tmp_tmp;

d s J tmp tmp_ tmp;
d_s J _tmp_tmp_tmp_tmp;
db_a_tmp_tmp;
db_a_tmp tmp_tmp;
db_s J tmp_tmp_tmp;
dc_a_tmp tmp;
e_a_tmp;
e_a_tmp_tmp;
e_a_tmp_tmp_tmp;

e s _J _tmp;

e_s_J tmp_tmp;
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float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

e s J tmp_tmp_tmp;

e s J tmp_tmp_tmp_tmp;
eb_a_tmp tmp;
eb_a_tmp_tmp_tmp;
ec_a_tmp_tmp;

f a_tmp;

f_a_tmp_tmp;

f a _tmp_tmp_ tmp;

f s J tmp;

f s J tmp_tmp;

f s J tmp_tmp tmp;

f s J tmp_tmp_tmp_tmp;
fb_a_tmp_tmp;
fb_a_tmp_tmp_tmp;
fc_a_tmp_tmp;

g a_tmp;

g a_tmp_tmp;

g a_tmp_tmp_tmp;

g s J tmp;

g s J tmp_tmp;

g s J _tmp_tmp_tmp;

g s J tmp_tmp_tmp_tmp;
gb_a_tmp_ tmp;
gb_a_tmp_tmp_tmp;
gc_a_tmp_tmp;

h_a tmp;

h_a_tmp_tmp;

h_a tmp_tmp_tmp;
h_s J tmp;

h_s J _tmp_tmp;

h s J tmp tmp_ tmp;

h_s J _tmp_tmp_tmp_tmp;
hb_a tmp tmp;
hc_a_tmp_tmp;

i_a_tmp;

i a tmp_tmp;
i_a_tmp_tmp_tmp;

i s J tmp_tmp;

i s J tmp tmp_ tmp;

i s J tmp_tmp_tmp_tmp;
ib_a tmp_tmp;
ic_a_tmp_tmp;

j_a_tmp;

j_a_tmp tmp;
j_a_tmp_tmp_tmp;

j_s_J _tmp_tmp;
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float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

j_s_ J _tmp_tmp_tmp;

j_s J tmp_tmp_tmp_tmp;
jb_a_tmp_tmp;
jc_a_tmp_tmp;

k_a_tmp;

k_a tmp_tmp;
k_a_tmp_tmp_tmp;

k s J tmp tmp;

k s J _tmp_tmp_tmp;
k_s_J tmp_tmp_tmp_ tmp;
kb _a tmp_ tmp;
kc_a_tmp_tmp;

1 a_tmp;

1 a_tmp_tmp;

1 a tmp_tmp_tmp;

1 s J tmp_tmp;

1 s J tmp_tmp_tmp;

1 s J tmp_tmp_tmp_ tmp;
1b_a_tmp_tmp;
1c_a_tmp_tmp;

m_a_tmp;

m_a_tmp_tmp;
m_a_tmp_tmp_tmp;
m_s_J_tmp_tmp;
m_s_J_tmp_tmp_tmp;
m_s_J _tmp_tmp_tmp_tmp;
mb_a_tmp_tmp;
mc_a_tmp_tmp;

n_a_tmp;

n_a_tmp_tmp;
n_a_tmp_tmp_tmp;
n_s_J_tmp_tmp;

n_s_J _tmp_tmp_tmp;
n_s_J _tmp_tmp_tmp_tmp;
nb_a_tmp_tmp;
nc_a_tmp_tmp;

o_a_tmp;

o_a_tmp_tmp;
o_a_tmp_tmp_tmp;
0_S_J_tmp_tmp;

o_s_J _tmp_tmp_tmp;
o_s_J _tmp_tmp_tmp_tmp;
ob_a_tmp_tmp;
oc_a_tmp_tmp;

p_a_tmp;

p_a_tmp_tmp;
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float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

p_a_tmp_tmp_tmp;
p_s_J_tmp_tmp;
p_s_J _tmp_tmp_tmp;
pb_a_tmp_tmp;
pc_a_tmp_tmp;
gq_a_tmp;
q_a_tmp_tmp;
q_a_tmp_tmp_tmp;
q_s_J_tmp_tmp;
q_s_J_tmp_tmp_tmp;
gb_a_tmp tmp;
qc_a_tmp_tmp;
r_a_tmp;
r_a_tmp_tmp;
r_a_tmp_tmp_tmp;
r_s_J_tmp_tmp;
r_s_J_tmp_tmp_tmp;
rb_a_tmp_tmp;
rc_a_tmp_tmp;
s_J_tmp;
s_J_tmp_tmp;
s_J_tmp_tmp_tmp;
s_J_tmp_tmp_tmp_tmp;
s_J_tmp_tmp_tmp_tmp_tmp;
s_a_tmp;
s_a_tmp_tmp;
s_a_tmp_tmp_tmp;
s_s_J _tmp_tmp;
s_s_J_tmp_tmp_tmp;
sb_a_tmp_tmp;
t_a_tmp;
t_a_tmp_tmp;
t_a_tmp_tmp_tmp;
t_s_J _tmp_tmp;
t_s_J_tmp_tmp_tmp;
tb_a tmp_tmp;
u_a_tmp_tmp;
u_a_tmp_tmp_tmp;
u_s_J _tmp_tmp;
u_s_J_tmp_tmp_tmp;
ub_a tmp_ tmp;
v_a_tmp_tmp;
v_a_tmp_tmp_tmp;
v_s_J tmp_tmp;
v_s_J_tmp_tmp_tmp;
vb_a_tmp_tmp;
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float w_a_tmp_tmp;
float w_a_tmp_tmp_

tmp;

float w_s J tmp tmp;
float w_s_J tmp_tmp_tmp;
float wb_a tmp_tmp;

float x_a_tmp tmp;
float x_a_tmp_tmp_

tmp;

float x s J tmp tmp;
float x_s_J tmp_tmp_tmp;
float xb_a_tmp_tmp;

float y_a_tmp_tmp;
float y_a_tmp_tmp_

tmp;

float y_s_J_tmp_tmp;

float y_s_J_tmp_tmp_tmp;

float yb_a_tmp_tmp;
s_J_tmp_tmp = sin(g);

b s J tmp tmp
c_s_J _tmp_tmp

cos(a);
cos(g);

d_s_J_tmp_tmp = sin(a);

e s J tmp_tmp = sin(b);

f s J tmp_tmp = cos(b);

g s J tmp _tmp = 13817.0 * b_s_J_tmp_tmp;

s J tmp_tmp _tmp = 13817.0 * c_s J tmp tmp * d_s J tmp_ tmp;
h_s J tmp_tmp = s_J _tmp_tmp_tmp / 100.0;

b s J tmp tmp_tmp =

g s J tmp_tmp * e_s J tmp_tmp;

is J tmp tmp =b s J tmp tmp tmp * s J tmp tmp / 100.0;

s_J_tmp_tmp_tmp_tmp

= 4119.0 * b_s_J tmp_tmp;

b s J tmp tmp_tmp tmp = s J tmp tmp _tmp tmp * c s J tmp tmp;

c_s_J_tmp_tmp_tmp =

b s J tmp_tmp_tmp_tmp / 100.0;

c_s_J _tmp_tmp_tmp_tmp = 1177.0 * f_s_J tmp_tmp;

d s J tmp _tmp_tmp =

c_s J tmp tmp _tmp tmp * s J tmp tmp / 25.0;

d s J tmp_tmp_tmp_tmp = 4119.0 * d_s_J _tmp_tmp * e_s_J_tmp_tmp;

e_s_ J tmp_tmp_tmp =

d s J tmp tmp tmp tmp * s J tmp tmp / 100.0;

e_s J _tmp_tmp_tmp_tmp =
((yp + c_s_J_tmp_tmp_tmp) - h_s_J tmp_tmp) + d_s_J_tmp_tmp_tmp;

f s J tmp_tmp _tmp =

((e_s_J _tmp_tmp_tmp_tmp + i_s J _tmp_tmp) + e_s I _tmp_tmp_tmp) - 91.5;
j_s_ J _tmp_tmp = fabs(f_s_J tmp_tmp_tmp);
k s J tmp_tmp = 3.1415926535897931 * Al / 180.0;
1 s J tmp_tmp = 13817.0 * d_s J tmp_tmp * s_J tmp_tmp / 100.0;

g s J tmp_tmp_tmp =

m.s J tmp_tmp = g s_

13817.0 * b s J tmp tmp * c_s J tmp_tmp;
J tmp_tmp tmp * e s J tmp tmp / 100.0;

f s J tmp_tmp_tmp_tmp = 20.0 * cos(k_s_J_tmp_tmp);

h s J tmp tmp_tmp
i s J tmp_tmp_tmp
j_s_ J _tmp_tmp_tmp

xp + f s J tmp tmp_tmp tmp;

1177.0 * f_ s J tmp_tmp * c_s J _tmp_tmp / 25.0;

4119.0 * b_s J tmp_tmp * s_J tmp_tmp / 100.0;
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g s J tmp_tmp_tmp_tmp = 4119.0 * c_s_J_tmp_tmp * d_s_J_tmp_tmp;
k_s_J_tmp_tmp_tmp = g s J _tmp tmp_tmp_tmp * e_s_J _tmp_tmp / 100.0;
1 s J tmp tmp_tmp =

(((((h_s_3_tmp_tmp_tmp + 1 _s_J tmp_tmp) + i_s I tmp_tmp_tmp) -

j_s_J_tmp_tmp_tmp) +
m s J tmp_tmp) +

k_s_J_tmp_tmp_tmp) -

35.0;
n_s_J tmp_tmp = fabs(l_s_J_tmp_tmp_tmp);
m_s_J_tmp_tmp_tmp = g s J tmp_tmp * f_s_J_tmp_tmp;
0 s J tmp tmp = m s J tmp tmp tmp / 100.0;
n_s_J tmp_tmp_tmp = 1177.0 * e_s_J tmp_tmp / 25.0;
o_s_J_tmp_tmp_tmp = 20.0 * sin(k_s_J_tmp_tmp);
h_s J tmp_tmp_tmp_tmp = 4119.0 * f_ s J tmp_tmp * d_s_J_tmp_tmp;
p_s J tmp tmp_tmp = h_s J tmp_tmp tmp _tmp / 100.0;
k s J _tmp_tmp =

fabs(((((o_s_J _tmp _tmp _tmp - zp) + n_s J tmp tmp_tmp) - o s J tmp tmp) -

p_s_ J tmp tmp_ tmp) +
16.35);

p_s_J tmp_tmp = 3.1415926535897931 * A2 / 180.0;
i s J tmp_tmp_tmp_tmp = 20.0 * cos(p_s_J_tmp_tmp);
g_s_J _tmp_tmp_tmp = xp - i_s_J_tmp_tmp_tmp_tmp;
r_s J tmp_tmp tmp = 4889.0 * f s J tmp tmp * c_s J tmp tmp / 100.0;
s_ s J tmp_tmp_tmp = 3903.0 * b_s_ J tmp_tmp * s_J tmp_tmp / 100.0;
j s J tmp_tmp_tmp tmp = 3903.0 * c_s J tmp tmp * d_s J tmp tmp;
t s J tmp _tmp tmp = j s J tmp tmp tmp tmp * e s J tmp_tmp / 100.0;
u_s_J_tmp_tmp_tmp =

(((((gq_s_J _tmp tmp tmp + 1 s J tmp tmp) - r_s J tmp_tmp_tmp) -

s_s_J tmp_tmp_tmp) +
m_s_J_tmp_tmp) +

t s J tmp_tmp_tmp) +

35.0;
g s J tmp tmp = fabs(u_s_J tmp_tmp_tmp);
s J tmp_tmp tmp tmp tmp = 3903.0 * b_s J tmp tmp;
k_s_J_tmp_tmp_tmp_tmp = s_J _tmp_tmp_tmp_tmp_tmp * c_s_J_tmp_tmp;
v_s J tmp _tmp tmp = k s J tmp tmp tmp tmp / 100.0;
1 s J tmp_tmp_tmp_tmp = 4889.0 * f s J tmp_tmp;
w_s_J tmp_tmp _tmp = 1 s J tmp_tmp_tmp_tmp * s J tmp_tmp / 100.0;
m s J tmp tmp tmp tmp = 3903.0 * d s J tmp tmp * e s J tmp tmp;
X_s_J _tmp _tmp _tmp = m_s_J tmp_tmp_tmp_tmp * s _J tmp_tmp / 100.0;
n_s_J_tmp_tmp_tmp_tmp =

((yp + v_s_ J tmp tmp tmp) - h_s J tmp tmp) - w_s I tmp tmp_ tmp;
y_s_J_tmp_tmp_tmp =

((n_s J tmp tmp tmp tmp + i_s J tmp tmp) + x_s J tmp_tmp tmp) - 91.5;
r_s_ J tmp_tmp = fabs(y_s_J_tmp_tmp_tmp);
ab_s J tmp tmp_tmp = 4889.0 * e_s J tmp_tmp / 100.0;
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bb_s J tmp_tmp_tmp = 20.0 * sin(p_s_J_tmp_tmp);
o_s_J_tmp_tmp_tmp_tmp = 3903.0 * f s J tmp_tmp * d_s_J_tmp_tmp;
cb s J tmp tmp tmp = o s J tmp tmp _tmp tmp / 100.0;
db_s J_tmp_tmp_tmp =
((((zp + bb_s J tmp tmp tmp) + ab_s J tmp tmp tmp) + o s J tmp tmp) +
cb s J tmp_tmp tmp) -
16.35;
p_s J tmp tmp = fabs(db_s J tmp tmp_ tmp);
s_s_J tmp_tmp = 3.1415926535897931 * A3 / 180.0;
t s J tmp_tmp = cos(s_s_J_tmp_tmp);
s s J tmp tmp = sin(s_s_J tmp_tmp);
u_s_J_tmp_tmp = 3.1415926535897931 * A4 / 180.0;
v_s_J tmp_tmp = cos(u_s_J_tmp_tmp);
u_s_J tmp_tmp = sin(u_s_J_tmp_tmp);
w_s_J tmp_tmp = 3.1415926535897931 * A5 / 180.0;
Xx_s_J_tmp_tmp = cos(w_s_J_tmp_tmp);
w_s_J _tmp_tmp = sin(w_s_J_tmp_tmp);
y s J tmp_tmp = 3.1415926535897931 * A6 / 180.0;
ab_s_J tmp_tmp = cos(y_s_J_tmp_tmp);
y s J tmp_tmp = sin(y_s_3J_tmp_tmp);
a_tmp = 2017.0 * b_s_J_tmp_tmp;
b_a tmp = 5921.0 * f_ s J tmp_tmp;
a_tmp _tmp tmp = 183.0 * t s J tmp_tmp / 100.0;
a_tmp_tmp = xp + a_tmp_tmp_tmp;

b_a_tmp_tmp = 1182.990701569543 * (t_s_J _tmp_tmp - 1.0) / 100.0;
c_a tmp tmp = b a tmp * c_ s J tmp tmp / 100.0;
d_a_tmp _tmp = a_tmp * s_J_tmp_tmp / 100.0;

b a tmp tmp tmp = 2017.0 * c_s J tmp tmp * d s J tmp tmp;
e a_tmp _tmp = b_a_tmp_tmp_tmp * e_s_J tmp_tmp / 100.0;
f a_tmp_tmp = ((((((a_tmp_tmp + 1 s J tmp_tmp) - b_a_tmp_tmp) - c_a_tmp_tmp)

d_a_tmp_tmp) +
m s J tmp _tmp) +
e a_tmp tmp) +
84.91;
c_a_tmp = fabs(f_a_tmp_tmp);
c_a_tmp_tmp_tmp = 2049.0 * t s J tmp _tmp / 100.0;
g a_tmp_tmp = yp + c_a_tmp_tmp_tmp;
h_a_tmp_tmp = 316.96529778510455 * (t_s_J tmp_tmp - 1.0) / 100.0;
d_a_tmp _tmp tmp = a_tmp * c_s_J_tmp_tmp;
i a tmp tmp = d a tmp_tmp tmp / 100.0;
j a tmp tmp = b a tmp * s J tmp tmp / 100.0;
e _a_tmp _tmp tmp = 2017.0 * d_s_J _tmp_tmp;
f a tmp tmp tmp = e_a _tmp _tmp tmp * e s J tmp_tmp;
k_a_tmp_tmp = f_a_tmp_tmp _tmp * s J tmp tmp / 100.0;
1 a tmp_tmp =
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((((((g_a_tmp_tmp - h_a_tmp_tmp) + i _a tmp _tmp) - h_s J tmp_tmp) -
j_a_tmp_tmp) +
i s J tmp_tmp) +
k_a_tmp_tmp) +
12.27;
d a tmp = fabs(1l _a tmp_tmp);
g _a_tmp _tmp _tmp = 5921.0 * e_s_J_tmp_tmp;

m_a_tmp_tmp = g_a_tmp_tmp_tmp / 100.0;
n_a_tmp_tmp = 183.0 * s s J tmp _tmp / 50.0;
o_a_tmp_tmp = 1182.990701569543 * s s J tmp tmp / 50.0;

a_tmp_tmp tmp tmp = 2017.0 * £ s J tmp tmp;
h_a_tmp_tmp_tmp = a_tmp_tmp_tmp_tmp * d_s_J_tmp_tmp;

p_a_tmp_tmp = h_a_tmp_tmp_tmp / 100.0;

g_a_tmp_tmp =
(((((zp + n_a_tmp_tmp) + m_a_tmp _tmp) - o_a tmp tmp) + o_s I tmp tmp) +
p_a_tmp_tmp) -
16.35;

e a_tmp = fabs(q_a_tmp_tmp);

f_a_tmp = 6137.0 * b_s_J_tmp_tmp;

g a_tmp = 607.0 * f_ s J tmp_tmp;

i_a_tmp_tmp_tmp = 683.0 * v_s J tmp_tmp / 100.0;

r_a_tmp_tmp = xp + i_a_tmp_tmp_tmp;
s_a_tmp_tmp = 316.96529778510455 * (v_s J tmp tmp - 1.0) / 100.0;
t_a_tmp_tmp = g a_tmp * c_s_J _tmp_tmp / 50.0;

u a tmp tmp = f_a tmp * s_J tmp tmp / 100.0;
j_a_tmp tmp _tmp = 6137.0 * c_s J tmp tmp * d s J tmp tmp;
v_a_tmp_tmp = j_a_tmp_tmp_tmp * e_s I tmp_tmp / 100.0;
w_a_tmp_tmp

((((((r_a_tmp_tmp + 1 s J tmp_tmp) + s_a_tmp_tmp) - t_a_tmp_tmp) +

u_a_tmp_tmp) +
m s J tmp_tmp) -

v_a_tmp_tmp) +

64.91;
h_a_tmp = fabs(w_a_tmp_tmp);
k_a_tmp_tmp_tmp = 607.0 * e_s_J tmp_tmp;
X_a_tmp tmp = k_a _tmp_tmp_tmp / 50.0;
y_a_tmp_tmp = 683.0 * u_s_J tmp_tmp / 50.0;
ab_a _tmp _tmp = 316.96529778510455 * u_s J tmp_tmp / 50.0;
b a tmp tmp tmp tmp = 6137.0 * £ s J tmp_tmp;
1 a _tmp_tmp_tmp = b_a_tmp_tmp_tmp tmp * d_s_J tmp_tmp;
bb a tmp tmp = 1 a tmp_tmp tmp / 100.0;
cb _a tmp tmp =

(((((zp + y_a_tmp_tmp) + x_a_tmp_tmp) + ab_a_tmp_tmp) + o_s_J tmp_tmp) -

bb_a tmp tmp) -

16.35;

i _a_tmp = fabs(cb_a_tmp_tmp);
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m_a_tmp_tmp_tmp = 549.0 * v_s_J tmp_tmp / 100.0;

db_a_tmp_tmp = m_a_tmp_tmp_tmp - yp;

eb a tmp tmp = 1182.990701569543 * (v_s J tmp tmp - 1.0) / 100.0;
n_a_tmp_tmp_tmp = f_a_tmp * c_s_J_tmp_tmp;

fb_a tmp tmp = n_a _tmp _tmp tmp / 100.0;

gb_a tmp tmp = g_a _tmp * s_J _tmp_tmp / 50.0;

o_a_tmp_tmp_tmp = 6137.0 * d_s_J_tmp_tmp;

p_a_tmp tmp tmp = o_a tmp tmp tmp * e s J tmp tmp;

hb_a_tmp_tmp = p_a_tmp_tmp_tmp * s_J tmp_tmp / 100.0;
ib_a_tmp_tmp =
((((((db_a_tmp_tmp + eb_a tmp tmp) + fb_a tmp tmp) + h_ s I tmp tmp) +

gb_a_tmp_tmp) -
i s J tmp_tmp) +
hb_a_tmp_tmp) -
64.23;

j_a_tmp = fabs(ib_a_tmp_tmp);
k_a tmp = 3093.0 * b_s J tmp_tmp;
1 a tmp = 234.0 * f_s_J_tmp_tmp;
g_a_tmp _tmp_tmp = 683.0 * x_s_J tmp_tmp / 100.0;
jb_a_tmp_tmp = xp - q_a_tmp_tmp_tmp;

kb_a_tmp_tmp = 316.96529778510455 * (x_s_J tmp_tmp - 1.9) / 100.0;
lb_a_tmp_tmp = 1 _a tmp * c_s_J _tmp_tmp / 25.0;
mb_a_tmp tmp = k_a_tmp * s J tmp_tmp / 50.0;

r_a_tmp_tmp_tmp = 3093.0 * c_s J tmp_tmp * d_s_J_tmp_tmp;

nb_a tmp_tmp = r_a_tmp_tmp _tmp * e s J tmp_tmp / 50.0;
ob_a tmp tmp =
((((((jb_a_tmp_tmp + 1 _s J tmp_tmp) - kb_a_tmp_tmp) + 1lb_a_tmp_tmp) +

mb_a_tmp_tmp) +
m_s_J_tmp_tmp) -
nb_a_tmp_tmp) -
64.91;
m_a_tmp = fabs(ob_a_tmp_tmp);
s a _tmp _tmp tmp = 549.0 * x_ s J tmp tmp / 100.0;
pb a tmp tmp = s _a tmp_tmp _tmp - yp;
gb_a_tmp_tmp = 1182.990701569543 * (x_s_J tmp_tmp - 1.0) / 100.0;
t a tmp tmp tmp = k a_tmp * c_ s J tmp tmp;
rb_a_tmp_tmp = t_a_tmp_tmp_tmp / 50.0;
sb_a tmp_tmp = 1 a tmp * s J tmp _tmp / 25.0;
u_a tmp tmp tmp = 3093.0 * d s J tmp_tmp;
v_a_tmp_tmp_tmp = u_a_tmp_tmp_tmp * e_s I tmp_tmp;
tb_a tmp tmp = v_a tmp _tmp tmp * s J tmp tmp / 50.0;
ub_a tmp tmp =
((((((pb_a_tmp_tmp + gb_a_tmp_tmp) + rb_a_tmp_tmp) + h_s I _tmp tmp) -
sb_a tmp_tmp) -
i s J tmp_tmp) +
tb_a_tmp_tmp) -
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64.23;

n_a_tmp = fabs(ub_a_tmp_tmp);
W _a tmp tmp tmp = 234.0 * e s J tmp_tmp;

vb_a_tmp_tmp
wb_a tmp_tmp
xb_a_tmp_tmp

w_a_tmp_tmp_tmp / 25.0;
683.0 * w s J tmp tmp / 50.0;
316.96529778510455 * w_s_J_tmp_tmp / 50.0;

c_a_tmp_tmp_tmp_tmp = 3093.0 * f s J tmp_tmp;
X_a_tmp tmp tmp = c_a tmp_tmp tmp tmp * d s J tmp tmp;
yb_a_tmp_tmp = x_a_tmp_tmp_tmp / 50.0;

ac_a_tmp_tmp

(((((wb_a_tmp tmp - zp) + vb_a tmp tmp) + xb_a tmp _tmp) - o s J tmp tmp)

yb_a_tmp_tmp) +

16.35;

o_a_tmp = fabs(ac_a_tmp_tmp);

p_a_tmp = 1141.0 * b_s_J tmp_tmp;

g_a_tmp = 233.0 * £ s J tmp_tmp;

y_a_tmp_tmp_tmp = 183.0 * ab_s J tmp_tmp / 100.0;

bc_a_tmp_tmp
cc_a_tmp_tmp
dc_a_tmp_tmp
ec_a_tmp_tmp

ab_a_tmp_tmp_tmp = 1141.0 * c_s_J_tmp_tmp * d_s_J_tmp_tmp;

fc_a_tmp_tmp
gc_a_tmp_tmp
(CCC((bc_

84.91;

Xp - y_a_tmp_tmp_tmp;

1182.990701569543 * (ab_s J tmp_tmp - 1.0) / 100.0;

g_a_tmp * c_s_J tmp_tmp / 4.0;
p_a_tmp * s J tmp_tmp / 50.0;

ab_a_tmp_tmp_tmp * e_s J tmp_tmp / 50.0;

a_tmp tmp + 1 s J tmp_tmp) + cc_a_tmp_tmp) + dc_a_tmp tmp) -
ec_a_tmp_tmp) +

m s J tmp_tmp) +

fc_a_tmp_tmp) -

r_a_tmp = fabs(gc_a_tmp_tmp);

bb_a_tmp_tmp_tmp = 2049.0 * ab_s J tmp tmp / 100.0;
hc_a tmp tmp = yp + bb_a_tmp_tmp_ tmp;

ic_a tmp_tmp = 316.96529778510455 * (ab_s J tmp tmp - 1.0) / 100.0;
cb_a_tmp_tmp_tmp = p_a_tmp * c_s_J tmp_tmp;
jc_a_tmp tmp = cb_a_tmp _tmp_tmp / 50.0;

kc_a_tmp_tmp = g_a_tmp * s_J _tmp _tmp / 4.0;
db_a_tmp tmp tmp = 1141.0 * d_s_J tmp_tmp;
eb_a tmp tmp tmp = db_a tmp tmp tmp * e s J tmp_ tmp;

lc_a_tmp_tmp
mc_a_tmp_tmp

eb_a tmp _tmp tmp * s _J tmp_tmp / 50.0;

((((((hc_a_tmp tmp - ic_a tmp_tmp) + jc_a tmp tmp) - h_s I tmp tmp) +
kc_a_tmp_tmp) +
i s J tmp_tmp) +

lc_a_tmp_tmp) +

12.27;
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s_a_tmp = fabs(mc_a_tmp_tmp);
fb_a_tmp_tmp_tmp = 233.0 * e_s_J tmp_tmp;

nc_a tmp tmp = fb_a_tmp tmp tmp / 4.0;
oc_a_tmp tmp = 183.0 * y s J tmp_tmp / 50.0;
pc_a_tmp_tmp = 1182.990701569543 * y s J tmp_tmp / 50.0;

d a_tmp tmp _tmp tmp = 1141.0 * f s J tmp_tmp;
gb_a_tmp_tmp_tmp = d_a_tmp_tmp_tmp_tmp * d_s_J_tmp_tmp;
gqc_a_tmp_tmp = gb_a_tmp_tmp_tmp / 50.0;
rc_a_tmp_tmp =
(((((zp - oc_a_tmp_tmp) - nc_a_tmp_tmp) + pc_a_tmp_tmp) + o_s I tmp_tmp)

gqc_a_tmp_tmp) -
16.35;
t_a_tmp = fabs(rc_a_tmp_tmp);
s_J _tmp =
sqrt((j_s_J_tmp_tmp * j_ s J tmp_tmp + k_s_J_tmp_tmp * k_s_J _tmp_tmp) +
n_s_J tmp_tmp * n_s_J_tmp_tmp);
b s Jtmp = (((((h_s_J tmp_tmp tmp + i s J tmp_tmp tmp) - j s I tmp_tmp_ tmp)

1 s J tmp_tmp) +
m_s_J_tmp_tmp) +
k_s_J_tmp_tmp_tmp) -
35.0;
c_s_J tmp = sqrt(l_s_J_tmp_tmp_tmp * b_s_J tmp);
s J[@] = n_s_J tmp_tmp *
CCCCCCE((((h_s_J_tmp_tmp_tmp + f s J tmp tmp tmp_tmp) + xp) +
1 s J tmp_tmp) +
i s J tmp_tmp_tmp) -
j_s_J _tmp_tmp_tmp) +
1 s J tmp_tmp) +
i s J tmp_tmp_tmp) -
j_s_J tmp_tmp_tmp) +
m s J tmp _tmp) +
k s J tmp_tmp_tmp) +
m_s_J_tmp_tmp) +
k s J tmp_tmp_tmp) -
70.0) /
(2.0 * c_s J tmp * s_J tmp);
h s J tmp tmp_tmp =
((e_s_J _tmp_tmp_tmp_tmp + e s J _tmp tmp_tmp) + i_s I tmp_tmp) - 91.5;
d s J tmp = sqrt(f_s_J tmp _tmp _tmp * h_s J tmp _tmp tmp);
e_s_J_tmp = yp + yp;
s J[6] = j_s_J_tmp_tmp *
(CCC(((((e_s_ I tmp + c_s_J tmp_tmp _tmp) - h_s J tmp tmp) +
d s J tmp_tmp_tmp) +
c_s_J tmp_tmp_tmp) -
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h s J tmp_tmp) +
d s J tmp_tmp_tmp) +
e_s_J tmp_tmp_tmp) +
i s J tmp_tmp) +
e_s_J_tmp_tmp_tmp) +
i s J tmp_tmp) -
183.9) /
(2.0 * d s J tmp * s J tmp);
f s J tmp =
((((n_s_J_tmp_tmp_tmp + o_s_J_tmp_tmp_tmp) - zp) - o_s_J_tmp_tmp) -
p_s J tmp tmp tmp) +
16.35;
g s J tmp =
((((zp - o_s_J_tmp_tmp_tmp) - n_s_J _tmp_tmp_tmp) + o_s_J_tmp_tmp) +
p_s J tmp tmp_tmp) -
16.35;
h s J tmp = sqrt(-g_s_ J tmp * £ s J tmp);
s J[12] = k_s_J_tmp_tmp *
(CCCCCCC((zp - n_s_J_tmp_tmp_tmp) - o_s_J_tmp_tmp_tmp) -
o_s_J tmp_tmp_tmp) -
n_s_J _tmp_tmp_tmp) +
zp) +
o s J tmp tmp) +
p_s_J tmp_tmp_tmp) +
o s J tmp_tmp) +
p_s_J tmp_tmp_ tmp) -
32.7) /
(2.0 * h_s J tmp * s_J_tmp);
b s J tmp_tmp = g s J tmp_tmp_tmp / 100.0;
y s J tmp_tmp = b_s_ J tmp_tmp + g s J _tmp_tmp_tmp_tmp / 100.0;
e s J tmp_tmp_tmp_tmp =
s_J _tmp_tmp_tmp_tmp * e_s J tmp tmp * s_J tmp _tmp / 100.0;
f s J tmp_tmp tmp_tmp =
13817.0 * d_s J tmp tmp * e s J tmp tmp * s J tmp tmp / 100.0;
g s J tmp tmp = g s J tmp_tmp * s_J tmp_tmp / 100.0;
s s J tmp tmp = s J tmp tmp _tmp * e s J tmp tmp / 100.0;
ab_s J tmp_tmp =
((g_s_J _tmp_tmp + 4119.0 * d_s_J tmp_tmp * s J tmp _tmp / 100.0) +
b s J tmp _tmp tmp tmp * e s J tmp tmp / 100.0) -
Ss_s_J _tmp_tmp;
t s J tmp tmp = 13817.0 * £ s J tmp tmp * d s J tmp tmp / 100.0;
w_s J tmp_tmp s J tmp _tmp tmp tmp * £ s J tmp tmp / 100.0 - t s J tmp tmp;
s J tmp *= 2.0;
s_J[18] =
-((j_s_J_tmp_tmp *
(((y_s_3J_tmp_tmp + f_s_J_tmp_tmp_tmp_tmp) -

* © |
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e_s_J_tmp_tmp_tmp_tmp) *
f s J_tmp_tmp_tmp +
((y_s_J_tmp_tmp - e_s_J_tmp_tmp_tmp_tmp) +
f s _J tmp_tmp_tmp_tmp) *
h s J tmp _tmp_tmp) /
ds J tmp -
n_s_J_tmp_tmp *
(ab_ s J tmp tmp * 1 s J tmp tmp tmp + ab_s J tmp tmp * b_s I tmp)

c_s_J tmp) +
k s J tmp tmp *
(w.s J tmp tmp * £ s J tmp - w.s_ J tmp tmp * g s J tmp) /
h_s_J tmp) /
s_J_tmp;
u_s_J_tmp_tmp
y_s_J_tmp_tmp
(u_s_ J tmp_tmp - 1177.0 * e s J tmp _tmp * s J tmp_tmp / 25.0) +
h s J tmp _tmp_tmp tmp * s J tmp tmp / 100.0;
e s J tmp_tmp_tmp_tmp = c_s_J_tmp_tmp_tmp_tmp / 25.0;
ab s J tmp tmp = d_s_J _tmp_tmp _tmp_tmp / 100.0;
w_s_J tmp_tmp = b_s_J _tmp_tmp_tmp / 100.0;
v_s_J_tmp_tmp m_s_J_tmp_tmp_tmp * c_s_J_tmp_tmp / 100.0;
X_S_J_tmp_tmp
(v_s_J_tmp_tmp - 1177.0 * c_s_J_tmp_tmp * e_s J _tmp_tmp / 25.0) +
4119.0 * £ s J tmp tmp * c_s J tmp tmp * d_s J tmp_tmp / 100.0;
s J[24] =
((j_s_J_tmp_tmp *
(y s J tmp tmp * h_s J tmp tmp _tmp +
y s J tmp_tmp * £ s J tmp_tmp_tmp) /
d s J tmp -
k s J tmp _tmp *
(((e_s_J_tmp_tmp_tmp_tmp + w_s_J_tmp_tmp) + ab_s_J_tmp_tmp) *
g s J tmp -
((e_s_ J tmp tmp tmp tmp + ab_s J tmp_tmp) + w_s_J tmp tmp) *
f s J tmp) /
h s J tmp) +
n_s_J _tmp_tmp *
(x_s_J tmp_tmp * 1 s J tmp tmp_tmp + x_s_J tmp_tmp * b_s I tmp) /
c_s J tmp) /
s_J_tmp;
f s Jtmp = (c_s J tmp tmp tmp - h s J tmp tmp) + d_s J tmp tmp tmp;
s J[30] =
(j_s_J_tmp_tmp *
(((((i_s_ J tmp tmp tmp - j s J tmp tmp tmp) + 1 s J tmp_ tmp) +
m_s_J_tmp_tmp) +
k s J tmp_tmp_tmp) *

ms J tmp_tmp tmp * s J tmp_tmp / 100.0;
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f s J tmp_tmp_tmp +
((((1_s_J tmp_tmp + i_s J tmp_tmp_tmp) - j s J tmp_tmp_tmp) +
m s J tmp_tmp) +
k s J tmp_tmp_tmp) *
h s J tmp _tmp_tmp) /
ds J tmp -
n_s_ J tmp tmp *
(((f.s J tmp + e s J tmp tmp _tmp) + i s J tmp_tmp) *
1 s J tmp_tmp_tmp +
((f_s_ J tmp + i_ s J tmp tmp) + e_s J tmp_tmp tmp) * b _s I tmp) /
c s J tmp) /
s_J_tmp;
s J tmp =
sqrt((r_s_J_tmp_tmp * r_s_J tmp_tmp + p_s_J_tmp_tmp * p_s J tmp_tmp) +
g s J tmp tmp * q_ s J tmp_tmp);

b s J tmp = (((((q_s_I_tmp_tmp_tmp - r_s_J _tmp_tmp_tmp) - s_s I _tmp_tmp_tmp)
+
1 s J tmp_tmp) +
m_s_J_tmp_tmp) +
t s J tmp_tmp_tmp) +
35.0;
c_s_J tmp = sqrt(u_s_J_tmp_tmp_tmp * b_s_J tmp);
s J[1] = q_s_J _tmp_tmp *
CCCCCCCCCCCC(gus_I_tmp_tmp_tmp - i_s_J_tmp_tmp_tmp_tmp) + xp) +
1l s J tmp_tmp) -
r s J tmp_tmp_tmp) -
s_s_J tmp_tmp_tmp) +
1 s J tmp_tmp) -
r_s_J_tmp_tmp_tmp) -
s_s_J tmp_tmp_tmp) +
m s J tmp _tmp) +
t_ s J _tmp_tmp_tmp) +
m_s_J_tmp_tmp) +
t s J tmp_tmp_tmp) +
70.0) /
(2.0 * c_s J tmp * s_J tmp);
h_s J tmp_tmp_tmp =
((n_s_J_tmp_tmp_tmp_tmp + x_s I _tmp tmp_tmp) + i_s I tmp_tmp) - 91.5;
d s J tmp = sqrt(y_s_J tmp _tmp _tmp * h_s J tmp _tmp tmp);
s J[7] = r_s_J_tmp_tmp *
(CCCE(((((e_s_ I tmp + v_s_J tmp _tmp tmp) - h_s J tmp tmp) -
w_s_ J tmp_tmp_tmp) +
v_s_ J tmp_tmp_tmp) -
h s J tmp_tmp) -
w_s_J _tmp_tmp_tmp) +
X_s_J_tmp_tmp_tmp) +
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i s J tmp_tmp) +
x_s_J_tmp_tmp_tmp) +
i s J tmp_tmp) -
183.0) /
(2.0 * d s J tmp * s J tmp);
e s J tmp =
((((ab_s_J_tmp_tmp_tmp + bb_s_J_tmp_tmp_tmp) + zp) + o_s_J_tmp_tmp) +
cb s J tmp_tmp tmp) -
16.35;
f s J tmp = sqrt(e_s_J tmp * db_s_J tmp_tmp_tmp);
s J[13] = p_s_J _tmp_tmp *
(CCCC((((zp + ab_s_J_tmp_tmp_tmp) + bb_s J tmp_tmp_tmp) +
bb_s J _tmp_tmp_tmp) +
ab_s_J _tmp_tmp_tmp) +
zp) +
o_s_J tmp_tmp) +
cb_s_J_tmp_tmp_tmp) +
o s J tmp_tmp) +
cb_s_J _tmp_tmp_tmp) -
32.7) /
(2.0 * £ s J tmp * s_J_tmp);
g s J tmp = ((g_s_J_tmp_tmp + 3903.0 * d_s_J tmp_tmp * s_J _tmp_tmp / 100.0)
+
k_s_J_tmp_tmp_tmp_tmp * e_s_J_tmp_tmp / 100.0) -
s_s_J _tmp_tmp;
h s Jtmp=>bs J tmp tmp + j s J tmp _tmp tmp tmp / 100.0;
y_s_J tmp_tmp = J_tmp_tmp_tmp_tmp_tmp * e_s J tmp _tmp * s I _tmp_tmp /
100.0;
e s J tmp_tmp_tmp_tmp =
s_J_tmp_tmp_tmp_tmp_tmp * f s J tmp tmp / 100.0 - t_s_J_tmp_tmp;
s J tmp *= 2.0;
s_J[19] = ((gq_s_J_tmp_tmp *
(g s J tmp * u s J tmp tmp tmp + g s J tmp * b s J tmp) /
c_s_J tmp -
r_s_J _tmp_tmp *
(((h_s J tmp + £ s J tmp tmp tmp tmp) - y s J tmp _tmp) *
y_s_J_tmp_tmp_tmp +
((h_s_ J tmp - y s J tmp_tmp) + f s J _tmp_tmp_tmp_tmp) *
h s J tmp_tmp tmp) /
d s J tmp) +
p_s J tmp tmp *
(e s J tmp tmp tmp tmp * e s J tmp +
e s J tmp_tmp_tmp_tmp * db_s J tmp_tmp_tmp) /
f s J tmp) /
s_J_tmp;
g s J tmp = (4889.0 * e_s J tmp_tmp * s_J tmp tmp / 100.0 + u_s_J _tmp_tmp) +

J_
S—
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0_s_J tmp_tmp_tmp tmp * s J tmp tmp / 100.0;
h s J tmp =1 s J tmp_tmp_tmp_tmp / 100.0;
y_s_ J tmp_tmp = m_s_J_tmp_tmp_tmp_tmp / 100.0;
e_s J _tmp_tmp_tmp_tmp =
(4889.0 * c s J tmp tmp * e s J tmp tmp / 100.0 + v_s_J tmp tmp) +
3903.0 * £ s J tmp tmp * c s J tmp tmp * d_ s J tmp tmp / 100.0;
s _J[25] =
((r_s_ J tmp tmp *
(g_.s J tmp * h_s J tmp_tmp tmp + g s J tmp * y s J tmp_tmp_tmp) /
ds J tmp -
p_s J tmp tmp *
(((y_s_J _tmp_tmp - h_s J tmp) + w s J tmp tmp) * e s J tmp +
((w_s_J _tmp_tmp - h_s_J tmp) + y_s_J _tmp_tmp) *
db_s_J_tmp_tmp_tmp) /
f s J tmp) +
g_s_J_tmp_tmp *
(e_s J tmp _tmp _tmp tmp * u_s J tmp_tmp_tmp +
e s J tmp _tmp_tmp tmp * b_s J tmp) /
c_s_J tmp) /
s_J_tmp;
e s J tmp = (v_s_J_tmp_tmp_tmp - h_s J tmp_tmp) - w_s_J_tmp_tmp_tmp;
s_J[31] =
(r_s J tmp tmp *
(((((1_s_J_tmp_tmp - s_s_J tmp_tmp_tmp) - r_s_J_tmp_tmp_tmp) +
m_s J tmp_tmp) +
t s J tmp_tmp_tmp) *
y_s_J _tmp_tmp_tmp +
((((1_s J tmp tmp - r_s J tmp _tmp tmp) - s_s I tmp_tmp_ tmp) +
m_s_J_tmp_tmp) +
t_ s J_tmp_tmp_tmp) *
h s J tmp_tmp_tmp) /
d s J tmp -
qg_s_J tmp tmp *
(((e_s_J tmp + x_s_J tmp tmp tmp) + i s J tmp_tmp) *
u_s_J_tmp_tmp_tmp +
((e_s J tmp + i s J tmp tmp) + x_s_J tmp tmp tmp) * b_s I tmp) /
c_s_J tmp) /
s_J_tmp;
s J tmp = sqrt((c_a tmp * c_ a tmp + d a tmp * d a tmp) + e_a_tmp * e_a_tmp);
b s J tmp = ((((((a_tmp_tmp - c_a_tmp_tmp) - d_a_tmp_tmp) + 1 s I _tmp_tmp) -
b a tmp tmp) +
m s J tmp tmp) +
e_a_tmp_tmp) +
84.91;
c_s_ J tmp = sqrt(b_s_J tmp * f_a_tmp_tmp);
s J[2] = c_a_tmp *
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(CCCCCCCCCCCC((a_tmp_tmp + a_tmp_tmp_tmp) + xp) + 1_s_J_tmp_tmp) -
b_a tmp_tmp) -
c_a_tmp_tmp) -
d a_tmp_tmp) +
1 s J tmp_tmp) -
b a tmp_tmp) -
c_a_tmp_tmp) -
d a_tmp tmp) +
m_s J tmp_tmp) +
e_a_tmp_tmp) +
m s J tmp _tmp) +
e_a_tmp_tmp) +
169.82) /
(2.0 * c_s J tmp * s_J _tmp);
h s J tmp tmp_tmp =
((((((g_a_tmp_tmp + i_a_tmp_tmp) - h_s I _tmp_tmp) - j_a_tmp_tmp) -
h_a_tmp_tmp) +
k_a_tmp_tmp) +
i s J tmp_tmp) +
12.27;
d s J tmp = sqrt(h_s_J_tmp_tmp_tmp * 1 _a_tmp_tmp);
s_J[8] = d_a_tmp *
(CCCCCCCCCCC(((g_a_tmp_tmp + c_a_tmp_tmp_tmp) + yp) - h_a_tmp_tmp) +
i_a_tmp_tmp) -
h s J tmp_tmp) -
j_a _tmp tmp) -
h_a_tmp_tmp) +
i a tmp_tmp) -
h_ s J tmp_tmp) -
j_a_tmp_tmp) +
k_a_tmp_tmp) +
i s J tmp_tmp) +
k_a_tmp_tmp) +
i s J tmp_tmp) +

24.54) /
(2.0 * d s J tmp * s_J tmp);
e s J tmp =
(((((m_a_tmp_tmp + n_a_tmp_tmp) + zp) - o_a_tmp_tmp) + o_s_J tmp_tmp) +
p_a_tmp_tmp) -
16.35;

f s J tmp = sqrt(q_a_tmp_tmp * e s J tmp);
s J[14] = e_a_tmp *
CCCCCCC((((zp + m_a_tmp_tmp) + n_a_tmp_tmp) + n_a_tmp_tmp) +
m_a_tmp_tmp) +
zp) -
o_a_tmp_tmp) -
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o_a_tmp_tmp) +
o s J tmp_tmp) +
p_a_tmp tmp) +
o_s_J tmp_tmp) +
p_a_tmp tmp) -
32.7) /
(2.0 * £ s J tmp * s_J_tmp);
g s J tmp = ((e_a_tmp_tmp_tmp * s_J tmp_tmp / 100.0 + g_s_J_tmp_tmp) +
d_a_tmp_tmp_tmp * e_s J _tmp_tmp / 100.0) -
S_s_J_tmp_tmp;
h s Jtmp=atmp* f s J tmp tmp / 100.0 - t s J tmp tmp;
y_s_J tmp_tmp = b_s_J_tmp_tmp + b_a_tmp_tmp_tmp / 100.0;
e s J tmp_tmp_tmp_tmp = a_tmp * e_s_J _tmp_tmp * s_J _tmp_tmp / 100.0;
s J tmp *= 2.0;
s_J[20] =
((c_a_tmp * (g_s_ J tmp * b_s I tmp + g s J tmp * f_a_tmp_tmp) /
c_s_J tmp +
e a tmp * (h_s J tmp * g a tmp tmp + h_s J tmp * e s J tmp) /
f s J tmp) -
d a_tmp *
((Cy_s_J_tmp_tmp - e_s_J_tmp_tmp_tmp_tmp) + f_s_JI_tmp_tmp_tmp_tmp)
h_s J tmp_tmp_tmp +
((y_s_J tmp tmp + £ s J tmp_tmp_tmp tmp) - e s I tmp tmp tmp tmp) *
1 a_tmp_tmp) /
d s J tmp) /
s_J_tmp;
g s J tmp = (g_a_tmp_tmp_tmp * s_J tmp_tmp / 100.0 + u_s_J_tmp_tmp) +
h_a tmp _tmp tmp * s J tmp tmp / 100.0;
h s J tmp = f_a_tmp_tmp_tmp / 100.0;
y_s_J tmp_tmp = b_a_tmp / 100.0;
e s J tmp_tmp_tmp_tmp =
(5921.0 * c_s_J tmp_tmp * e_s J tmp_tmp / 100.0 + v_s_J _tmp_tmp) +
a_tmp_tmp tmp tmp * c s J tmp tmp * d s J tmp tmp / 100.0;

s J[26] =
((d_a_tmp * (g_s J tmp * 1 a tmp_tmp + g s J tmp * h_s I _tmp_tmp_tmp) /
ds J tmp -
e a_tmp *
(((w_s_J_tmp_tmp - y_s J tmp_tmp) + h_s_J tmp) * q_a_tmp_tmp +
((h.s J tmp -y s J tmp tmp) + w_s J tmp tmp) * e s J tmp) /
f s J tmp) +
c_a _tmp *
(e s J tmp tmp tmp tmp * b s J tmp +
e s J tmp_tmp_tmp_tmp * £ a tmp_tmp) /
c_s J tmp) /
s_J_tmp;

e s J tmp = (i_a_tmp_tmp - h_s J tmp_tmp) - j_a_tmp_tmp;
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s _J[32] =
-(c_a_tmp *
(((e_s_ J tmp + k_a _tmp tmp) + i s J tmp tmp) * £ a tmp tmp +
((e_s_ J tmp + i s J tmp_tmp) + k_a_tmp_tmp) * b_s I tmp) /
c_s_ J tmp -
d a tmp *
(((((1_s_J _tmp_tmp - d_a_tmp_tmp) - c_a tmp tmp) + m s J tmp_tmp) +
e a_tmp tmp) *
1 a _tmp_tmp +
((((1_s_J _tmp_tmp - c_a_tmp_tmp) - d_a tmp _tmp) + m_s J tmp_tmp) +
e a_tmp tmp) *
h s J tmp_tmp_tmp) /
d_s_J_tmp) /
s_J_tmp;
s J tmp = sqrt((h_a_tmp * h_a tmp + i_a tmp * i a tmp) + j a tmp * j a tmp);
b s J tmp = ((((((r_a_tmp_tmp - t_a_tmp_tmp) + u_a_tmp_tmp) + 1_s_J_tmp_tmp)
+
s_a_tmp_tmp) +
m_s_J_tmp_tmp) -
v_a_tmp_tmp) +
64.91;
c_s_J tmp = sqrt(b_s_J _tmp * w_a_tmp_tmp);
s J[3] =
h_a_tmp *
(CCCCCCCCCCCC((r_a_tmp_tmp + i_a_tmp_tmp_tmp) + xp) + 1_s_J_tmp_tmp) +
s_a_tmp_tmp) -
t_a_tmp_tmp) +
u_a tmp_tmp) +
1 s J tmp_tmp) +
s_a_tmp_tmp) -
t a_tmp_tmp) +
u_a_tmp_tmp) +
m s J tmp_tmp) -
v_a_tmp_tmp) +
m_s_J_tmp_tmp) -
v_a_tmp_tmp) +
129.82) /
(2.0 * c_s J tmp * s_J _tmp);
h s J tmp tmp_tmp =
((((((db_a_tmp_tmp + fb_a_tmp_tmp) + h_s_J tmp_tmp) + gb_a tmp_tmp) +
eb_a tmp tmp) +
hb_a tmp_ tmp) -
i s J tmp_tmp) -
64.23;
d s J tmp = sqrt(ib_a_tmp_tmp * h_s J tmp_tmp_tmp);
s_J[9] =
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-(j_a_tmp *
(CCCCCCCCCCCC((db_a_tmp_tmp + m_a_tmp_tmp_tmp) - yp) + eb_a_tmp_tmp) +
fb_a tmp_tmp) +
h_s J_tmp_tmp) +
gb_a_tmp_tmp) +
eb_a tmp tmp) +
fb_a_tmp_tmp) +
h s J tmp_tmp) +
gb_a_tmp_tmp) +
hb_a_tmp_tmp) -
i s J tmp _tmp) +
hb_a_tmp_tmp) -
i s J tmp_tmp) -
128.46)) /
(2.0 * d s J tmp * s J tmp);
e s J tmp =
(((((x_a_tmp_tmp + y_a_tmp_tmp) + zp) + ab_a tmp_tmp) + o_s I tmp_tmp) -
bb_a_tmp_tmp) -
16.35;
f s J tmp = sqrt(cb_a tmp_tmp * e_s J tmp);
s_J[15] = i_a_tmp *
(CCCCCCCCC(((zp + x_a_tmp_tmp) + y_a_tmp_tmp) + y_a_tmp_tmp) +
X_a_tmp_tmp) +
zp) +
ab_a tmp _tmp) +
ab_a tmp tmp) +
o_s_J tmp_tmp) -
bb_a tmp_tmp) +
o_s_J _tmp_tmp) -
bb_a_tmp_tmp) -
32.7) /
(2.0 * £ s J tmp * s_J _tmp);
g s J tmp = ((o_a _tmp _tmp tmp * s J tmp tmp / 100.0 - g s J tmp tmp) +
n_a tmp _tmp tmp * e s J tmp tmp / 100.0) +
S_s_J_tmp_tmp;
h s Jtmp=+Fatmp*f s J tmp tmp / 100.0 + t s I tmp_tmp;
y s J tmp_tmp = b_s_J tmp_tmp - j_a_tmp_tmp_tmp / 100.0;
e s J tmp tmp _tmp_tmp = f a_tmp * e s J tmp_tmp * s_J tmp_tmp / 100.0;
s J tmp *= 2.0;
s _J[21] =
-((h_a_tmp * (g s J tmp *b s J tmp + g s J tmp * w a _tmp_tmp) /
c_s_ J tmp +
ia tmp * (h_s_ J tmp * cb_a tmp_tmp + h_s J tmp * e_s J tmp) /
f s J tmp) -
j_a_tmp *
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(((y_s_J_tmp_tmp + e_s_J tmp_tmp_tmp_tmp) + f s I tmp_tmp_tmp_tmp)

h s J tmp tmp _tmp +
((y_s_J tmp tmp + f_s_J tmp_tmp_tmp tmp) + e s I tmp_tmp_tmp_tmp)

ib_a tmp_tmp) /
d_s_J tmp) /
s_J _tmp;
g s J tmp =g a tmp / 50.0;
h_s J tmp = p_a_tmp_tmp_tmp / 100.0;
y s J tmp_tmp = (k_a_tmp_tmp_tmp * s J tmp_tmp / 50.0 + u_s_J_tmp_tmp) -
1 a_tmp_tmp_tmp * s_J_tmp_tmp / 100.0;
e s J tmp_tmp_tmp_tmp =
(607.0 * c_s_ J tmp_tmp * e_ s J tmp_tmp / 50.0 + v_s_J tmp_tmp) -
b a tmp_tmp tmp tmp * c_s J tmp tmp * d_s J tmp tmp / 100.0;

s_J[27] =
((i_a_tmp *
(((g_s_ 3 tmp - w s J tmp tmp) + h_s J tmp) * cb_a tmp_tmp +
((g_s_J _tmp + h_s_J tmp) - w_s_J tmp_tmp) * e_s I tmp) /
f s J tmp -
j_a_tmp *

(y_s_J_tmp_tmp * h_s J tmp_tmp_tmp + y_s J tmp_tmp * ib_a_tmp_tmp)

d s J _tmp) +
h_a_tmp *
(e s J tmp tmp tmp tmp * b s J tmp +
e_s_J tmp_tmp_tmp_tmp * w_a_tmp_tmp) /
c_s_ J tmp) /
s_J_tmp;
e s J tmp = (fb_a_tmp_tmp + h_s_J tmp_tmp) + gb_a_tmp_tmp;
s J[33] =
(h_a_tmp *
(((e_s_J tmp + hb_a tmp tmp) - i s J tmp tmp) * w_a_tmp tmp +
((e_s J tmp - i s J tmp tmp) + hb_a tmp_tmp) * b_s I tmp) /
c_s_J _tmp -
j_a _tmp *
(((((1_s_J_tmp_tmp - t_a_tmp_tmp) + u_a_tmp_tmp) + m_s_J _tmp_tmp) -
v_a_tmp_tmp) *
h s J tmp _tmp _tmp +
((((u_a_tmp_tmp - t_a_tmp _tmp) + 1 s J tmp_tmp) + m_s_J_tmp_tmp) -
v_a_tmp_tmp) *
ib_a tmp_tmp) /
d s J tmp) /
s_J_tmp;
s J tmp = sqrt((m_a_tmp * m_a_tmp + n_a_tmp * n_a_tmp) + o_a _tmp * o_a_tmp);
b s J tmp =

Pagina 102 / 159



((((((jb_a_tmp_tmp + 1b_a tmp_tmp) + mb_a_tmp tmp) + 1 s I tmp tmp) -
kb_a_tmp_tmp) +
m s J tmp_tmp) -
nb_a_tmp_tmp) -

64.91;
c s J tmp = sgrt(b_s J tmp * ob_a tmp tmp);
s J[4] =

m_a_tmp *

CCCCCCCCCCCCC((jb_a_tmp_tmp - q_a_tmp_tmp_tmp) + xp) + 1_s_J_tmp_tmp) -
kb_a tmp_tmp) +
1b_a tmp_tmp) +
mb_a_tmp_tmp) +
1 s J tmp_tmp) -
kb_a_tmp_tmp) +
1b_a_tmp_tmp) +
mb_a_tmp_tmp) +
m s J tmp_tmp) -
nb_a_tmp_tmp) +
m_s_J_tmp_tmp) -
nb_a_tmp_tmp) -
129.82) /
(2.0 * c_s_ J tmp * s_J_tmp);
h s J tmp tmp_tmp =
((((((pb_a_tmp_tmp + rb_a_tmp_tmp) + h_s_J tmp_tmp) - sb_a_tmp_tmp) +
gb_a_tmp_tmp) +
tb_a_tmp_tmp) -
i s J tmp_tmp) -

64.23;
d s J tmp = sqrt(ub_a_tmp_tmp * h_s J _tmp_tmp_tmp);
s_J[10] =

-(n_a_tmp *

CCCCCCCCCCCCC((pb_a_tmp_tmp + s_a_tmp_tmp_tmp) - yp) + gqb_a_tmp_tmp) +
rb_a_tmp_tmp) +
h s J tmp_tmp) -
sb_a_tmp_tmp) +
gb_a_tmp _tmp) +
rb_a_tmp_tmp) +
h s J tmp_tmp) -
sb_a tmp_tmp) +
tb_a_tmp_tmp) -
i s J tmp_tmp) +
tb_a _tmp_tmp) -
i s J tmp_tmp) -
128.46)) /
(2.0 * d_s J tmp * s_J tmp);
e s J tmp =
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(((((vb_a_tmp_tmp + wb_a_tmp_tmp) - zp) + xb_a_tmp_tmp) - o_s I tmp_tmp)

yb_a_tmp_tmp) +
16.35;
f s J tmp = sqrt(ac_a_tmp tmp * e s J tmp);
s J[16] = -(o_a_tmp *
CCCCCCCC((((vb_a_tmp_tmp - zp) + wb_a_tmp_tmp) + wb_a_tmp_tmp) +
vb_a tmp_tmp) -
zp) +
xb_a_tmp_tmp) +
xb_a tmp tmp) -
o_s_J tmp_tmp) +
yb_a_tmp_tmp) -
o_s_J tmp_tmp) +
yb_a tmp_tmp) +
32.7)) /
(2.0 * £ s J tmp * s J tmp);
g s J tmp =b s J tmp tmp - r_a_tmp tmp_tmp / 50.0;
h s J tmp = k_a_tmp * e_s J tmp_tmp * s_J _tmp_tmp / 50.0;
y s J tmp tmp = ((u_a_tmp_tmp _tmp * s J tmp tmp / 50.0 - g s J tmp tmp) +
t_a_tmp_tmp_tmp * e_s_ J tmp_tmp / 50.0) +
S_s_J_tmp_tmp;
e s J tmp tmp_tmp tmp = k_ a_tmp * £ s J tmp tmp / 50.0 + t_ s I tmp_tmp;
s J tmp *= 2.0;
s J[22] =
((n_a_tmp *
(((g_s_J_tmp + h_s_J tmp) + f_s_J _tmp_tmp_tmp_tmp) *
h s J tmp _tmp _tmp +
((g_s_J tmp + £ s J _tmp_tmp_tmp_tmp) + h_s_J tmp) * ub_a_tmp_tmp)

ds J tmp -
m a tmp * (y_s J tmp tmp * b s I tmp + y_s J tmp_tmp * ob_a_tmp_tmp) /
c_s_J tmp) +
o_a _tmp *
(e_s_J_tmp_tmp_tmp_tmp * ac_a_tmp_tmp +
e s J tmp tmp tmp tmp * e s J tmp) /
f s J tmp) /
s_J_tmp;
g s J tmp = (w_a tmp tmp tmp * s J tmp tmp / 25.0 - u_s_J tmp tmp) +
x_a_tmp_tmp_tmp * s_J tmp_tmp / 50.0;
h s Jtmp = (234.0 * c. s J tmp tmp * e s J tmp tmp / 25.0 - v_s_ J tmp_tmp) +
c_a_tmp tmp tmp tmp * c_ s J tmp tmp * d s J tmp tmp / 50.0;
y s J tmp_tmp = 1 a tmp / 25.0;
e s J tmp tmp tmp tmp = v_a tmp tmp tmp / 50.0;
s _J[28] =
((n_a_tmp * (g_s_ J tmp * h_s I tmp tmp_tmp + g s J tmp * ub_a_tmp_tmp) /
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d s J tmp -
m_a_tmp * (h_s_ J tmp * b_s J tmp + h_s_J tmp * ob_a_tmp_tmp) /
c s J tmp) +
o_a_tmp *
(((y_s_3J_tmp_tmp + w_s_J_tmp_tmp) - e_s_J_tmp_tmp_tmp_tmp) *
ac_a_tmp_tmp +
((y_s_J tmp_tmp - e_s J tmp_tmp_tmp_tmp) + w_ s I tmp tmp) *
e s J tmp) /
f s J tmp) /
s_J_tmp;
e s J tmp = (rb_a tmp tmp + h_s J tmp tmp) - sb_a tmp tmp;
s J[34] =
(m_a_tmp *
(((e_s_J_tmp + tb_a_tmp_tmp) - i_s J tmp_tmp) * ob_a_tmp_tmp +
((e_s_ J tmp - i s J tmp tmp) + tb_a tmp _tmp) * b_s I tmp) /
c_s_ J _tmp -
n_a_tmp *
(((((1_s_J tmp_tmp + 1b_a tmp _tmp) + mb_a tmp tmp) + m_s J tmp_ tmp)
nb_a tmp_tmp) *
h_s J tmp_tmp_tmp +
((((lb_a_tmp_tmp + mb_a_tmp_tmp) + 1_s_J _tmp_tmp) + m_s_J_tmp_tmp)

nb_a_tmp_tmp) *
ub_a tmp_tmp) /
d s J tmp) /
s_J_tmp;
s J tmp = sqrt((r_a_tmp * r_a tmp + s_a tmp * s_a tmp) + t a tmp * t a tmp);
b s J tmp =
((((((bc_a_tmp_tmp + dc_a_tmp_tmp) - ec_a_tmp_tmp) + 1 s I _tmp_tmp) +
cc_a_tmp_tmp) +
m_s_J_tmp_tmp) +
fc_a_tmp_tmp) -

84.91;
c_s_J tmp = sqrt(b_s_J tmp * gc_a_tmp_tmp);
s _J[5] =

r_a_tmp *

(CCCCCCCCCCCC((be_a_tmp_tmp - y_a_tmp_tmp_tmp) + xp) + 1_s_J_tmp_tmp) +
cc_a_tmp_tmp) +
dc_a_tmp_tmp) -
ec_a_tmp tmp) +
1 s J tmp_tmp) +
cc_a_tmp_tmp) +
dc_a tmp tmp) -
ec_a_tmp_tmp) +
m_s_J _tmp_tmp) +
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fc_a_tmp_tmp) +
m_s_J_tmp_tmp) +
fc_a_tmp_tmp) -
169.82) /
(2.0 * c.s J tmp * s J tmp);
h s J tmp tmp_tmp =
((((((hc_a_tmp_tmp + jc_a_tmp_tmp) - h_s I _tmp_tmp) + kc_a_tmp_tmp) -
ic_a tmp_tmp) +
lc_a_tmp_tmp) +
i s J tmp_tmp) +

12.27;
d_s_J tmp = sqrt(h_s_J_tmp_tmp_tmp * mc_a_tmp_tmp);
s_J[11] =

s_a_tmp *

(CCCCCCCCCCC(((he_a_tmp_tmp + bb_a_tmp_tmp_tmp) + yp) - ic_a_tmp_tmp) +
jc_a_tmp_tmp) -
h s J tmp_tmp) +
kc_a_tmp_tmp) -
ic_a_tmp_tmp) +
jc_a_tmp_tmp) -
h_s_ J tmp_tmp) +
kc_a_tmp_tmp) +
lc_a tmp_tmp) +
i s J tmp_tmp) +
lc_a tmp_tmp) +
i s J tmp_tmp) +
24.54) /
(2.0 * d s J tmp * s J tmp);
e s J tmp = sqrt(rc_a_tmp_tmp * rc_a_tmp_tmp);
s_J[17] = t_a_tmp *
(CCCCCCCC(((zp - nc_a_tmp_tmp) - oc_a_tmp_tmp) - oc_a_tmp_tmp) -
nc_a_tmp_tmp) +
zp) +
pc_a_tmp_tmp) +
pc_a_tmp_tmp) +
o s J tmp tmp) +
qc_a_tmp_tmp) +
o_s_J tmp_tmp) +
gc_a_tmp tmp) -
32.7) /
(2.0 * e s J tmp * s J tmp);
f s Jtmp = ((db_a_tmp_tmp tmp * s J tmp tmp / 50.0 + g s J tmp tmp) +
cb_a_tmp_tmp_tmp * e s J tmp_tmp / 50.0) -
s_s_J tmp_tmp;
g s J tmp = (p_a_tmp * £ s J tmp_tmp / 50.0 - t_s_J tmp_tmp) * rc_a_tmp_tmp;
h s J tmp = b_s J tmp tmp + ab_a_tmp_tmp_tmp / 50.0;
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y_s_J tmp_tmp = p_a_tmp * e_s_J_tmp_tmp * s_J _tmp_tmp / 50.0;
s J tmp *= 2.0;
s_J[23] = ((r_a_tmp * (f_s_J tmp * b_s J tmp + £ s_J _tmp * gc_a_tmp_tmp) /
c_s_J_tmp +
t_a_tmp * (g_s_J tmp + g_s_J tmp) / e_s_J _tmp) -
s a_tmp *
(((h_s_J tmp -y s J tmp_tmp) + f s I _tmp_tmp_tmp_tmp) *
h s J tmp tmp_tmp +
((h_s_J3_tmp + f_s_J_tmp_tmp_tmp_tmp) - y_ s J tmp_tmp) *
mc_a_tmp_tmp) /
ds J tmp) /
s_J_tmp;
f s J tmp = (u_s_J tmp_tmp - fb_a_tmp_tmp_tmp * s I _tmp_tmp / 4.0) +
gb_a tmp_tmp tmp * s_J tmp_tmp / 50.0;
g s J tmp = q_a tmp / 4.0;
h_s J tmp = eb_a_tmp_tmp_tmp / 50.0;
y_s_J _tmp_tmp =
(v_s_ J tmp tmp - 233.0 * c_ s J tmp tmp * e s J tmp tmp / 4.0) +
d_a_tmp_tmp_tmp_tmp * c_s_J tmp_tmp * d_s_J_tmp_tmp / 50.0;
s J[29] =
((s_a_tmp * (f_s_J _tmp * mc_a_tmp_tmp + £ s I tmp * h_s_J tmp_tmp_tmp) /
d s J tmp -
t a tmp *
(((g_s_J_tmp + w_s_J tmp_tmp) + h_s I tmp) * rc_a_tmp_tmp +
((g_s_ J tmp + h_s J tmp) + w_s_J tmp_tmp) * rc_a_tmp_tmp) /
e s J tmp) +
r_a_tmp * (y_ s J tmp tmp * b_s J tmp + y_s_J tmp_tmp * gc_a_tmp_tmp) /
c_s_ J tmp) /
s_J_tmp;
e s J tmp = (jc_a_tmp_tmp - h_s_J tmp_tmp) + kc_a_tmp_tmp;
s J[35] = -(r_a_tmp *
(((e_s_J_tmp + 1c_a_tmp_tmp) + i_s J _tmp_tmp) * gc_a_tmp_tmp

((e_s J tmp + i s J tmp tmp) + 1lc_a tmp _tmp) * b_s I tmp) /
c_s_J _tmp -
s a _tmp *
(((((dc_a_tmp_tmp - ec_a_tmp_tmp) + 1 s J tmp_tmp) +
m_s_J_tmp_tmp) +
fc_a tmp_tmp) *
mc_a_tmp_tmp +
((((1L_s_J tmp tmp + dc_a_tmp _tmp) - ec_a_tmp_tmp) +
m s J tmp tmp) +
fc_a_tmp_tmp) *
h s J tmp_tmp tmp) /
d s J tmp) /
s_J_tmp;
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// Funcioén: mapear un valor de punto flotante
float mapFloat(float x, float in_min, float in_max, float out_min, float

out_max) {
return (x - in_min) * (out_max - out min) / (in_max - in_min) + out_min;

// Funciodn: calcular la inversa de una matriz
void inverseMatrix(float matrix[N][N], float inverse[N][N]) {
// Inicializar la matriz inversa como la matriz identidad
for (int 1 = 0@; i < N; i++) {
for (int j = 0; j < N; j++) {

if (i == j)
inverse[i][j] = 1.0;
else
inverse[i][]j] = 0.0;

// Calcular la inversa utilizando el método de eliminacidén gaussiana-
jordana
for (int 1 = 0@; i < N; i++) {
float pivot = matrix[i][i];

// Dividir la fila actual por el pivote

for (int j = 0; j < N; j++) {
matrix[i][j] /= pivot;
inverse[i][j] /= pivot;

// Realizar eliminacidén en otras filas
for (int k = @; k < N; k++) {
if (k1= 1) {
float factor = matrix[k][i];
for (int j = 0; j < N; j++) {
matrix[k][j] -= factor * matrix[i][]];
inverse[k][j] -= factor * inverse[i][j];
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// Funcidén: multiplicacién de matriz y vector
void matrixVectorMultiplication(float matrix[N][N], float vector[N], float
result[N]) {
for (int 1 = 0@; i < N; i++) {
result[i] = 0;
for (int j = 0; j < N; j++) {
result[i] += matrix[i][j] * vector[j];

// Funcioén: norma del vector
float norm(float* vector, int length) {
float sum = 0.0;

for (int i = @; i < length; i++) {
sum += vector[i] * vector[i];

return sqrt(sum);

void setup() {

// Inicializar la comunicacidén serial principal para la PC

Serial.begin(115200);

// Configurar el pin RT como salida para activar la alarma en caso de no
cumplir con el tiempo real

pinMode (RT,OUTPUT);

// Esperar hasta que la conexidn serial esté establecida

while (!Serial);

}

void loop() {

int it = @; // Contador de iteraciones

float f[] = {@, @0, @, 0, @, @}; // Vector de restricciones

float delta x[] = {0, @, 100, O, O, 0}; // Vector de paso de iteracion

float J[36]; // Vector para almacenar los componentes de la matriz
Jacobiana

float X[N]; // Vector para almacenar los resultados

float Jacobi_inv[N][N]; // Matriz para la inversa de la Jacobiana

int totalBytes = sizeof(float) * 6; // Longitud de datos para enviar en
bytes

Pagina 109 / 159



70,

83,

74,

76,

73,

70,

// Leer valores analdégicos de los pines de los potencidmetros

int
int
int
int
int
int

analogValuel = analogRead(A6);
analogValue2 = analogRead(A7);
analogValue3 = analogRead(A4);
analogValue4 = analogRead(A5);
analogValue5 = analogRead(A18);
analogValue6 = analogRead(A19);

// Mapear los valores analdgicos a angulos especificos
float anglel = mapFloat(mapFloat(analogValuel, @, 4095, -150, 150), -69,
-60, 60); // Ajustar manualmente los limites para cada potenciometro

float angle2

mapFloat(-mapFloat(analogvValue2, 0, 4095, -150, 150), -64,

-60, 60);

float angle3

mapFloat(-mapFloat(analogvValue3, @, 4095, -150, 150), -66,

-60, 60);

float angle4d

mapFloat(-mapFloat(analogValue4, @, 4095, -150, 150), -59,

-60, 60);

float angle5

mapFloat(-mapFloat(analogValue5, 0, 4095, -150, 150), -64,

-60, 60);

float angle6

mapFloat(mapFloat(analogValue6, ©, 4095, -150, 150), -79,

-60, 60);

// Crear vector de angulos
float Angle[] = {anglel, angle2, angle3, angle4, angle5, angle6};

// Calcular la norma de delta x
float dif _norm = norm(delta_x, 6);

// Iterar hasta que la norma sea menor a un umbral o se alcance el maximo
de iteraciones
while (dif_norm > 0.1 && it < it_max) {

// Actualizar x@ con los valores de x1
for (int 1 = @; i < N; i++) {
x0[1i] = x1[i];

// Calcular el vector de restricciones f
myfun(x@, Angle, f);

// Calcular la matriz Jacobiana J
myJacobi(x@, Angle, J);
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// Transformar J en una matriz 2D

float Jacobi[N][N] = {
{J[e], J[6], J[12], J[18], 3I[24], J[30]},
{3[1]1, 3I[7], I[13], J[19], J[25], J[31]1},
{3[2], J[8], J[14], 3J[20], 3I[26], J[32]},
{3[3]1, J[9], J[15], 3J[21], 3I[27]1, J[33]},
{3[4], J[1e], J[16], J[22], J[28], J[34]1},
{3[5], J[11], J[17], J[23], 3J[29], JI[35]}

s

// Calcular la inversa de la matriz Jacobiana
inverseMatrix(Jacobi, Jacobi_inv);

// Multiplicar la matriz Jacobiana inversa por el vector de
restricciones
matrixVectorMultiplication(Jacobi_inv, f, delta_x);

// Actualizar x1 con el nuevo valor
for (int 1 = 0; i < N; i++) {
x1[i] = x0[i] - delta_x[i];

// Calcular la nueva norma de delta_x
dif_norm = norm(delta_x, 6);
it += 1;

// Almacenar los resultados en el vector X
for (int 1 =0; i < N; i++) {
X[1i] = x1[1i];

// Enviar los resultados por el puerto serial
for (int 1 = 0; i < 6; i++) {
byte* bytePointer = (byte*)&X[i];
for (int j = @; j < sizeof(float); j++) {
Serial.write(bytePointer[j]);
}

delay(10); // Retraso para asegurar la transmisién correcta

¥
Serial.print("\n");
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// Control del pin RT para alarma de tiempo real
t2 = millis();

if (t2 - t1 > T) {digitalWrite(RT, HIGH);}

else {digitalWrite(RT, LOW);}

while (t2 - t1 < T) {t2 = millis();}

t1 = millis();
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C.Caodigo de la funcion parseSerialData de Matlab

function y = parseSerialData(u)
% parseSerialData: Funcidén para analizar los datos seriales recibidos y

convertirlos en numeros de punto flotante.
%
% u: Vector de bytes recibidos desde el puerto serie.
% y: Vector de numeros de punto flotante (single) extraidos de los datos

recibidos.

numFloats = length(u) / 4;
% Crear un vector para almacenar los valores convertidos

y = zeros(1l, numFloats);

for i = 1l:numFloats
% Obtener los 4 bytes correspondientes a cada numero de punto flotante
byteData = u(((i - 1) *4 + 1) : 1 * 4);
% Convertir los 4 bytes en un numero de punto flotante de precisién simple
(single)
y(i) = typecast(uint8(byteData), 'single');
end
end
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D.Cddigo de la programacion Joystick_entorno_real
de Arduino

#tinclude <HardwareSerial.h>
#include <math.h>

#tinclude <Arduino.h>
#include <stdio.h>

#tdefine N 6
#tdefine PI 3.14159265358979323846
#tdefine RT 13

// Definicién de los valores de inicio y fin de trama
const uintl6_t FRAME_START = OxAA55;
const uintl6_t FRAME_END = Ox55AA;

// Variables para medir el tiempo

long t1 =0 ;

long t2 = 0 ;

int T = 50; // Periodo de muestreo en milisegundos

// Posiciones iniciales y variables de iteracidn
float x0[] {0, o0, 20, 0, 0, 0};

float x1[] {0, o0, 20, 0, 0, 0};

int it_max = 1000;

// Funcidén para calcular la posicion del joystick
void myfun(float x[], float Angle[], float f[]) {

float xp = x[0];

float yp = x[1];

float zp = x[2];

float a = x[3] / 180.0 * PI;

float b = x[4] / 180.0 * PI;

float g = x[5] / 180.0 * PI;

float Al = Angle[0];
float A2 = Angle[1];
float A3 = Angle[2];
float A4 = Angle[3];
float A5 = Angle[4];
float A6 = Angle[5];
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// Calculo de las ecuaciones de restricciones

float f11 = yp + (4119 * cos(a) * cos(g)) / 100 - (13817 * cos(g) *
sin(a)) / 100 + (1177 * cos(b) * sin(g)) / 25 + (13817 * cos(a) * sin(b) *
sin(g)) / 100 + (4119 * sin(a) * sin(b) * sin(g)) / 100 - 183 / 2;

float f12 = 20 * sin((PI * Al) / 180) - zp + (1177 * sin(b)) / 25 - (13817
* cos(a) * cos(b)) / 100 - (4119 * cos(b) * sin(a)) / 100 + 327 / 20,

float f13 = xp + 20 * cos((PI * Al) / 180) + (13817 * sin(a) * sin(g)) /
100 + (1177 * cos(b) * cos(g)) / 25 - (4119 * cos(a) * sin(g)) / 1ee + (13817
* cos(a) * cos(g) * sin(b)) / 100 + (4119 * cos(g) * sin(a) * sin(b)) / 100 -
35;

f[@] = sqrt(pow(fll, 2) + pow(fl2, 2) + pow(f1l3, 2)) - 135;

4+ + 1

float f21 = yp + (3903 * cos(a) * cos(g)) / 100 - (13817 * cos(g) *
sin(a)) / 100 - (4889 * cos(b) * sin(g)) / 100 + (13817 * cos(a) * sin(b) *
sin(g)) / 100 + (3903 * sin(a) * sin(b) * sin(g)) / 100 - 183 / 2;

float f22 = zp + 20 * sin((PI * A2) / 180) + (4889 * sin(b)) / 100 +
(13817 * cos(a) * cos(b)) / 100 + (3903 * cos(b) * sin(a)) / 100 - 327 / 20;

float 23 = xp - 20 * cos((PI * A2) / 180) + (13817 * sin(a) * sin(g)) /
100 - (4889 * cos(b) * cos(g)) / 100 - (3903 * cos(a) * sin(g)) / 1e0 + (13817
* cos(a) * cos(g) * sin(b)) / 100 + (3903 * cos(g) * sin(a) * sin(b)) / 100 +
35;

f[1] = sqrt(pow(f21, 2) + pow(f22, 2) + pow(f23, 2)) - 135;

float 31 = xp + (183 * cos((PI * A3) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 - (683 * sgrt(3) * (cos((PI * A3) / 180) - 1)) / 100 - (5921 *
cos(b) * cos(g)) / 100 - (2017 * cos(a) * sin(g)) / 100 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 + (2017 * cos(g) * sin(a) * sin(b)) / 100 + 8491 / 100;

float 32 = yp + (2049 * cos((PI * A3) / 180)) / 100 - (183 * sqrt(3) *
(cos((PI * A3) / 180) - 1)) / 100 + (2017 * cos(a) * cos(g)) / 100 - (13817 *
cos(g) * sin(a)) / 100 - (5921 * cos(b) * sin(g)) / 100 + (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (2017 * sin(a) * sin(b) * sin(g)) / 100 + 1227 / 100;

float 33 = zp + (183 * sin((PI * A3) / 180)) / 50 + (5921 * sin(b)) / 100
- (683 * sqrt(3) * sin((PI * A3) / 180)) / 50 + (13817 * cos(a) * cos(b)) /
100 + (2017 * cos(b) * sin(a)) / 100 - 327 / 20;

f[2] = sqrt(pow(f31, 2) + pow(f32, 2) + pow(f33, 2)) - 135;

float f41 = xp + (683 * cos((PI * A4) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 + (183 * sqrt(3) * (cos((PI * A4) / 180) - 1)) / 100 - (607 *
cos(b) * cos(g)) / 50 + (6137 * cos(a) * sin(g)) / 100 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 - (6137 * cos(g) * sin(a) * sin(b)) / 100 + 6491 / 100;

float f42 = zp + (683 * sin((PI * A4) / 180)) / 50 + (607 * sin(b)) / 50 +
(183 * sqgrt(3) * sin((PI * A4) / 180)) / 50 + (13817 * cos(a) * cos(b)) / 100
- (6137 * cos(b) * sin(a)) / 100 - 327 / 20;

float 43 = (549 * cos((PI * A4) / 180)) / 100 - yp + (683 * sqrt(3) *
(cos((PI * A4) / 180) - 1)) / 100 + (6137 * cos(a) * cos(g)) / 100 + (13817 *

Pagina 115 / 159



cos(g) * sin(a)) / 100 + (607 * cos(b) * sin(g)) / 50 - (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (6137 * sin(a) * sin(b) * sin(g)) / 100 - 6423 / 100;
f[3] = sqrt(pow(f4l, 2) + pow(f42, 2) + pow(f43, 2)) - 135;

float f51 = xp - (683 * cos((PI * A5) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 - (183 * sqrt(3) * (cos((PI * A5) / 180) - 1)) / 100 + (234 *
cos(b) * cos(g)) / 25 + (3093 * cos(a) * sin(g)) / 50 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 - (3093 * cos(g) * sin(a) * sin(b)) / 50 - 6491 / 100;

float 52 = (549 * cos((PI * A5) / 180)) / 100 - yp + (683 * sqrt(3) *
(cos((PI * A5) / 180) - 1)) / 100 + (3093 * cos(a) * cos(g)) / 50 + (13817 *
cos(g) * sin(a)) / 100 - (234 * cos(b) * sin(g)) / 25 - (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (3093 * sin(a) * sin(b) * sin(g)) / 50 - 6423 / 100;

float f53 = (683 * sin((PI * A5) / 180)) / 50 - zp + (234 * sin(b)) / 25 +
(183 * sqrt(3) * sin((PI * A5) / 180)) / 50 - (13817 * cos(a) * cos(b)) / 100
+ (3093 * cos(b) * sin(a)) / 50 + 327 / 20;

f[4] = sqrt(pow(f51, 2) + pow(f52, 2) + pow(f53, 2)) - 135;

float f61 = xp - (183 * cos((PI * A6) / 180)) / 100 + (13817 * sin(a) *
sin(g)) / 100 + (683 * sqrt(3) * (cos((PI * A6) / 180) - 1)) / 100 + (233 *
cos(b) * cos(g)) / 4 - (1141 * cos(a) * sin(g)) / 50 + (13817 * cos(a) *
cos(g) * sin(b)) / 100 + (1141 * cos(g) * sin(a) * sin(b)) / 50 - 8491 / 100;

float f62 = yp + (2049 * cos((PI * A6) / 180)) / 100 - (183 * sqrt(3) *
(cos((PI * A6) / 180) - 1)) / 100 + (1141 * cos(a) * cos(g)) / 50 - (13817 *
cos(g) * sin(a)) / 180 + (233 * cos(b) * sin(g)) / 4 + (13817 * cos(a) *
sin(b) * sin(g)) / 100 + (1141 * sin(a) * sin(b) * sin(g)) / 50 + 1227 / 100;

float f63 = zp - (183 * sin((PI * A6) / 180)) / 50 - (233 * sin(b)) / 4 +
(683 * sqrt(3) * sin((PI * A6) / 180)) / 50 + (13817 * cos(a) * cos(b)) / 100
+ (1141 * cos(b) * sin(a)) / 50 - 327 / 20;

f[5] = sqrt(pow(f6l, 2) + pow(f62, 2) + pow(f63, 2)) - 135;

// Funcidén para calcular la matriz Jacobiana
void myJacobi(float x[], float Angle[], float s J[]){
float xp = x[0];
float yp = x[1];
float zp = x[2];
float a = x[3] / 180.0 * PI;
float b = x[4] / 180.0 * PI;
float g = x[5] / 180.0 * PI;

float Al = Angle[0];
float A2 = Angle[1];
float A3 = Angle[2];
float A4 = Angle[3];
float A5 = Angle[4];
float A6 = Angle[5];
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// Genera variables auxiliares para facilitar el

float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

a_tmp;

a_tmp_tmp;
a_tmp_tmp_tmp;
a_tmp_tmp_tmp_tmp;
ab_a_tmp_tmp;
ab_a_tmp _tmp_ tmp;
ab_s_J_tmp_tmp;
ab_s_J_tmp_tmp_tmp;
ac_a_tmp_tmp;
b_a_tmp;
b_a_tmp_tmp;
b_a_tmp_tmp_tmp;

b_a tmp_tmp_tmp_tmp;
b_s J tmp;

b s J tmp_tmp;

b s J tmp tmp_tmp;
b_s J tmp_tmp_tmp_tmp;
bb_a_ tmp_tmp;
bb_a_tmp_tmp_tmp;
bb_s J _tmp_tmp_tmp;
bc_a_tmp_tmp;
c_a_tmp;
c_a_tmp_tmp;
c_a_tmp_tmp_tmp;
c_a_tmp_tmp_tmp_tmp;
c_s_J _tmp;
c_s_J_tmp_tmp;
c_s_J_tmp_tmp_tmp;
c_s_J _tmp_tmp_tmp_tmp;
cb_a_tmp_tmp;

cb_a tmp_tmp_tmp;

cb s J tmp _tmp_tmp;
cc_a_tmp_tmp;
d_a_tmp;
d_a_tmp_tmp;
d_a_tmp_tmp_tmp;

d a_tmp tmp_tmp tmp;
d s J tmp;

d s J tmp _tmp;

d s J tmp tmp_ tmp;
d_s J tmp_tmp_tmp_tmp;
db_a_tmp tmp;
db_a_tmp_tmp_tmp;
db_s J tmp_tmp_tmp;

cdlculo por partes
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float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

dc_a_tmp_tmp;

e_a_tmp;

e_a_tmp_tmp;
e_a_tmp_tmp_tmp;

e s J tmp;

e s J tmp_tmp;

e s J tmp_tmp_tmp;

e s J tmp_tmp_tmp_tmp;
eb_a_tmp_tmp;
eb_a_tmp_tmp_tmp;
ec_a_tmp_tmp;

f_a_tmp;

f_a_tmp_tmp;
f_a_tmp_tmp_tmp;

f s J tmp;
f_s_J_tmp_tmp;

f s J tmp_tmp_tmp;

f s J tmp_tmp_tmp_tmp;
fb_a_tmp_tmp;
fb_a_tmp_tmp_tmp;
fc_a_tmp_tmp;

g a_tmp;

g a_tmp_tmp;

g a_tmp_tmp_tmp;

g s J tmp;

g s J tmp_tmp;

g s J _tmp_tmp_tmp;

g s J tmp_tmp_tmp_tmp;
gb_a_tmp_tmp;
gb_a_tmp_tmp_tmp;
gc_a_tmp_tmp;

h_a_tmp;

h_a tmp_tmp;

h_a tmp_tmp_tmp;
h_s J tmp;

h s J tmp tmp;

h_s J _tmp_tmp_tmp;

h_s J tmp_tmp_tmp_tmp;
hb_a tmp_ tmp;
hc_a_tmp_tmp;

i a tmp;

i a tmp_tmp;

i a_tmp_tmp_tmp;

i s J tmp tmp;

i s J tmp_tmp_tmp;

i s J tmp_tmp_tmp_tmp;

Pagina 118 / 159



float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

ib_a_tmp_tmp;
ic_a_tmp_tmp;

j_a_tmp;

j_a_tmp_tmp;
j_a_tmp_tmp_tmp;

j_s_J _tmp_tmp;

j_s_ J _tmp_tmp_tmp;
j_s_J _tmp_tmp_tmp_tmp;
jb_a_tmp_tmp;
jc_a_tmp_tmp;

k_a_tmp;

k_a_tmp_tmp;
k_a_tmp_tmp_tmp;
k_s_J_tmp_tmp;

k s J tmp _tmp_tmp;
k_s_J_tmp_tmp_tmp_tmp;
kb_a_tmp_tmp;
kc_a_tmp_tmp;

1 a_tmp;

1 a tmp_tmp;

1 a_tmp_tmp_tmp;

1 s J tmp_tmp;

1 s J tmp_tmp_tmp;

1 s J tmp_tmp_tmp_tmp;
1b_a_tmp_tmp;

1c_a _tmp_tmp;

m_a_tmp;

m_a_tmp_tmp;
m_a_tmp_tmp_tmp;
m_s_J_tmp_tmp;
m_s_J_tmp_tmp_tmp;
m_s_J_tmp_tmp_tmp_tmp;
mb_a tmp_ tmp;
mc_a_tmp_tmp;

n_a_tmp;

n_a_tmp_tmp;
n_a_tmp_tmp_tmp;
n_s_J_tmp_tmp;

n_s_J tmp_tmp_tmp;
n_s_J_tmp_tmp_tmp_tmp;
nb_a tmp_ tmp;
nc_a_tmp_tmp;

o_a_tmp;

o_a_tmp_tmp;
o_a_tmp_tmp_tmp;
0_S_J_tmp_tmp;
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float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float
float

0_s_J _tmp_tmp_tmp;
o_s_J_tmp_tmp_tmp_tmp;
ob_a_tmp tmp;
oc_a_tmp_tmp;
p_a_tmp;
p_a_tmp_tmp;
p_a_tmp_tmp_tmp;
p_s_J tmp_tmp;
p_s_J_tmp_tmp_tmp;
pb_a_tmp_tmp;
pc_a_tmp_tmp;
q_a_tmp;
g_a_tmp_tmp;
g_a_tmp_tmp_tmp;
q_s_J_tmp_tmp;
g_s_J_tmp_tmp_tmp;
gb_a_tmp_tmp;
qc_a_tmp_tmp;
r_a_tmp;
r_a_tmp_tmp;
r_a_tmp_tmp_tmp;
r_s_J_tmp_tmp;
r_s_J_tmp_tmp_tmp;
rb_a_tmp_tmp;
rc_a_tmp_tmp;
s_J_tmp;
s_J_tmp_tmp;
s_J_tmp_tmp_tmp;
S_J_tmp_tmp_tmp_tmp;
s_J_tmp_tmp_tmp_tmp_tmp;
s_a_tmp;
s_a_tmp_tmp;
s_a_tmp_tmp_tmp;
s_s_J _tmp_tmp;
s_s_J_tmp_tmp_tmp;
sb_a _tmp_tmp;
t_a_tmp;
t_a_tmp_tmp;
t_a_tmp_tmp_tmp;
t_s_J _tmp_tmp;
t_s_ J _tmp_tmp_tmp;
tb_a tmp_ tmp;
u_a_tmp_tmp;
u_a_tmp_tmp_tmp;
u_s_J_tmp_tmp;
u_s_J_tmp_tmp_tmp;
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float ub_a_tmp_tmp;

float v_a_tmp_tmp;

float v_a_tmp tmp_ tmp;

float v_s_J_tmp_tmp;

float v_s J tmp tmp tmp;

float vb_a tmp_ tmp;

float w_a_tmp_tmp;

float w_a_tmp tmp_ tmp;

float w_s_J_tmp_tmp;

float w_s_J_tmp_tmp_tmp;

float wb_a tmp_ tmp;

float x_a_tmp_tmp;

float x_a_tmp_tmp_tmp;

float x_s_J_tmp_tmp;

float x_s_J_tmp_tmp_tmp;

float xb_a_tmp_tmp;

float y_a_tmp_tmp;

float y_a_tmp_tmp_tmp;

float y_s_J_tmp_tmp;

float y_s_J_tmp_tmp_tmp;

float yb_a_tmp_tmp;
s_J_tmp_tmp = sin(g);
b s J tmp tmp = cos(a);
c_s_J tmp_tmp = cos(g);
d s J tmp_tmp = sin(a);
e s J tmp_tmp = sin(b);
f s J tmp_tmp = cos(b);
g s J tmp tmp = 13817.0 * b_s J tmp tmp;
s_J _tmp_tmp_tmp = 13817.0 * c_s_J tmp_tmp * d_s_J_tmp_tmp;
h s J tmp_tmp = s_J _tmp_tmp_tmp / 100.0;
b s J tmp tmp tmp = g s J tmp tmp * e s J tmp tmp;
i s J tmp_tmp = b_s J tmp tmp tmp * s_J tmp_tmp / 100.0;
s J tmp_tmp tmp tmp = 4119.0 * b_s J tmp_tmp;
b s J tmp tmp_tmp tmp = s J tmp tmp_tmp tmp * c s J tmp tmp;
c_s_ J tmp_tmp_tmp = b_s J tmp_tmp_tmp_tmp / 100.0;
c_s J tmp tmp_tmp tmp = 1177.0 * £ s J tmp_tmp;
d s J tmp_tmp_tmp = c_s_J_tmp_tmp_tmp_tmp * s _J tmp_tmp / 25.0;
d s J tmp_tmp_tmp_tmp = 4119.0 * d_s_J tmp_tmp * e_s_J _tmp_tmp;
e s J tmp tmp tmp = d s J tmp tmp _tmp tmp * s J tmp tmp / 100.0;
e_s_ J _tmp_tmp_tmp_tmp =

((yp + c_s_ J tmp tmp tmp) - h_s J tmp tmp) + d_s_J tmp_tmp_ tmp;
f s J tmp_tmp _tmp =
((e_s_J tmp_tmp_tmp_tmp + i s J tmp tmp) + e s I _tmp_tmp_tmp) - 91.5;

j s J tmp tmp = fabs(f s J tmp _tmp tmp);
k s J tmp_tmp = 3.1415926535897931 * Al / 180.0;
1 s J tmp_tmp = 13817.0 * d_s J tmp_tmp * s_J tmp_tmp / 100.0;
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g s J tmp_tmp_tmp = 13817.0 * b_s_J tmp_tmp * c_s_J_tmp_tmp;
m_s_J _tmp_tmp = g s J tmp_tmp_tmp * e_s_J_tmp_tmp / 100.0;
f s J tmp _tmp_tmp tmp = 20.0 * cos(k_s J tmp tmp);
h s J tmp_tmp_tmp = xp + f_s_J tmp_tmp_tmp_tmp;
i s J tmp tmp tmp = 1177.0 * £ s J tmp tmp * c s J tmp tmp / 25.0;
j_s J tmp_tmp_tmp = 4119.0 * b_s_J_tmp_tmp * s_J_tmp_tmp / 100.0;
g s J tmp_tmp_tmp_tmp = 4119.0 * c_s_J_tmp_tmp * d_s_J_tmp_tmp;
k_ s J _tmp_tmp_tmp = g s J tmp _tmp_tmp_tmp * e_s J tmp_tmp / 100.0;
1 s J tmp_tmp_tmp =
(((((h_s_3_tmp_tmp_tmp + 1 _s_J tmp_tmp) + i_s I tmp_tmp_tmp) -
j_s_J_tmp_tmp_tmp) +
m_s_J _tmp_tmp) +
k_s_J_tmp_tmp_tmp) -
35.0;
n_s_J tmp_tmp = fabs(l_s_J_tmp_tmp_tmp);
m_s_J _tmp_tmp_tmp = g s J tmp_tmp * f_s_J_tmp_tmp;
0 s J tmp tmp = m s J tmp_tmp tmp / 100.0;
n_s J tmp _tmp_tmp = 1177.0 * e_s J tmp tmp / 25.0;
o_s_J_tmp_tmp_tmp = 20.0 * sin(k_s_J_tmp_tmp);
h_s J tmp_tmp_tmp_tmp = 4119.0 * f_ s J tmp_tmp * d_s_J_tmp_tmp;
p_s_J tmp_tmp_tmp = h_s J tmp_tmp_tmp_tmp / 100.0;
k s J _tmp_tmp =
fabs(((((o_s_J _tmp _tmp _tmp - zp) + n_s J tmp tmp_tmp) - o s J tmp_ tmp) -
p_s_J tmp_tmp_tmp) +
16.35);
p_s_J tmp_tmp = 3.1415926535897931 * A2 / 180.0;
i s J tmp_tmp_tmp_tmp = 20.0 * cos(p_s_J_tmp_tmp);
g_s_ J tmp tmp tmp = xp - i_s J tmp_tmp tmp_ tmp;
r_s_J tmp_tmp_tmp = 4889.0 * f_s J tmp_tmp * c_s_J _tmp _tmp / 100.0;
s_ s J tmp_tmp_tmp = 3903.0 * b_s J tmp_tmp * s_J tmp_tmp / 100.0;
j s J tmp tmp tmp tmp = 3903.0 * c_ s J tmp tmp * d_s J tmp tmp;
t s J tmp_tmp_tmp = j_s_J _tmp_tmp_tmp_tmp * e_s J tmp_tmp / 100.0;
u_s_J _tmp_tmp_tmp =
(((((g_s_J tmp tmp tmp + 1 s J tmp tmp) - r_s J tmp_tmp_tmp) -
s_s_J tmp_tmp_tmp) +
m s J tmp_tmp) +
t_ s J _tmp_tmp_tmp) +
35.0;
g_ s J tmp tmp = fabs(u_s_J tmp_tmp tmp);
s_J_tmp_tmp_tmp_tmp tmp = 3903.0 * b_s J tmp_tmp;
k s J tmp tmp_tmp tmp = s J tmp tmp tmp tmp tmp * c_s J tmp tmp;
v_.s J tmp tmp tmp = k s J tmp tmp tmp tmp / 100.0;
1 s J tmp_tmp_tmp_tmp = 4889.0 * f s J tmp_tmp;
w s J tmp tmp tmp = 1 s J tmp_tmp tmp tmp * s J tmp tmp / 100.0;
m_s_J _tmp_tmp_tmp_tmp = 3903.0 * d_s J tmp_tmp * e_s_J _tmp_tmp;
X_s_J _tmp _tmp _tmp = m_s_J tmp_tmp_tmp_tmp * s _J tmp_tmp / 100.0;
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n_s_J_tmp_tmp_tmp_tmp =
((yp + v_s_J_tmp_tmp_tmp) - h_s I _tmp_tmp) - w_s_J_tmp_tmp_tmp;
y_s_J _tmp_tmp_tmp =
((n_s_J_tmp_tmp_tmp_tmp + i_s_J_tmp_tmp) + x_s_J_tmp_tmp_tmp) - 91.5;
r_s_J tmp_tmp = fabs(y_s_J_tmp_tmp_tmp);
ab s J tmp tmp tmp = 4889.0 * e s J tmp _tmp / 100.0;
bb_s J tmp_tmp_tmp = 20.0 * sin(p_s_J_tmp_tmp);
0 s J tmp tmp tmp tmp = 3903.0 * £ s J tmp tmp * d s J tmp tmp;
cb_s J_tmp_tmp_tmp = o_s_J tmp_tmp_tmp_tmp / 100.0;
db_s J_tmp_tmp_tmp =
((((zp + bb_s J tmp tmp tmp) + ab_s J tmp tmp tmp) + o s J tmp tmp) +
cb_s_J_tmp_tmp_tmp) -
16.35;
p_s_J tmp_tmp = fabs(db_s_J_tmp_tmp_tmp);
s s J tmp_tmp = 3.1415926535897931 * A3 / 180.0;
t s J tmp_tmp = cos(s_s_J_tmp_tmp);
s_s_J tmp_tmp = sin(s_s_J_tmp_tmp);
u_s_J tmp_tmp = 3.1415926535897931 * A4 / 180.0;
v_s_J tmp_tmp = cos(u_s_J_tmp_tmp);
u_s_J tmp_tmp = sin(u_s_J_tmp_tmp);
w_s_J_tmp_tmp = 3.1415926535897931 * A5 / 180.0;
Xx_s_J_tmp_tmp = cos(w_s_J_tmp_tmp);
w_s_J _tmp_tmp = sin(w_s_J_tmp_tmp);
y s J tmp_tmp = 3.1415926535897931 * A6 / 180.0;
ab_s_J tmp_tmp = cos(y_s_J_tmp_tmp);
y s J tmp_tmp = sin(y_s_3J_tmp_tmp);
a_tmp = 2017.0 * b_s_J_tmp_tmp;
b_a tmp = 5921.0 * f_ s J tmp_tmp;
a_tmp_tmp tmp = 183.0 * t_s_J tmp_tmp / 100.0;
a_tmp_tmp = xp + a_tmp_tmp_tmp;
b_a tmp_tmp = 1182.990701569543 * (t_s J tmp_tmp - 1.8) / 100.0;
c_a_tmp_tmp = b_a tmp * c_s_J tmp _tmp / 100.0;
d a tmp tmp = a_tmp * s J tmp tmp / 100.0;
b a tmp tmp tmp = 2017.0 * c_s J tmp tmp * d s J tmp tmp;
e a_tmp _tmp = b_a_tmp_tmp_tmp * e_s_J tmp_tmp / 100.0;
f a tmp_tmp = ((((((a_tmp_tmp + 1 s J tmp tmp) - b_a tmp tmp) - c_a tmp_tmp)

d_a_tmp_tmp) +
m s J tmp tmp) +
e_a_tmp_tmp) +
84.91;
c_a_tmp = fabs(f_a_tmp_tmp);
c_a_tmp_tmp_tmp = 2049.0 * t s J tmp _tmp / 100.0;
g a_tmp_tmp = yp + c_a_tmp_tmp_tmp;
h_a_tmp_tmp = 316.96529778510455 * (t_s J tmp _tmp - 1.0) / 100.0;
d_a_tmp _tmp tmp = a_tmp * c_s_J_tmp_tmp;
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i a tmp_tmp
j_a tmp_tmp
e_a_tmp_tmp_tmp
f_a_tmp_tmp_tmp

d_a_tmp_tmp_tmp / 100.0;

b_a tmp * s_J tmp_tmp / 100.0;
2017.0 * d_s J tmp_ tmp;
e_a_tmp_tmp_tmp * e_s_J_tmp_tmp;

k a tmp tmp = £ a tmp _tmp tmp * s J tmp tmp / 100.0;
1 a tmp _tmp =
((((((g_a_tmp_tmp - h_a_tmp_tmp) + i _a tmp _tmp) - h_s J tmp_tmp) -

j_a_tmp_tmp) +
i s J tmp_tmp) +
k_a_tmp_tmp) +
12.27;
d_a_tmp = fabs(l_a_tmp_tmp);
g_a _tmp _tmp_tmp = 5921.0 * e_s_J _tmp_tmp;
m_a_tmp_tmp = g_a_tmp_tmp_tmp / 100.0;
n_a _tmp tmp = 183.0 * s s J tmp tmp / 50.0;
o_a_tmp_tmp 1182.990701569543 * s s J tmp_tmp / 50.0;
a_tmp_tmp_tmp_tmp = 2017.0 * f s J tmp tmp;
h_a tmp_tmp _tmp = a_tmp_tmp_tmp tmp * d_s J tmp tmp;

p_a_tmp_tmp = h_a_tmp_tmp_tmp / 100.0;

g_a_tmp_tmp =
(((((zp + n_a_tmp_tmp) + m_a_tmp_tmp) - o_a_tmp_tmp) + o_s_J tmp_tmp) +
p_a_tmp_tmp) -
16.35;

e_a_tmp = fabs(q_a_tmp_tmp);

f a tmp = 6137.0 * b_s J tmp_tmp;

g a tmp = 607.0 * £ s J tmp_tmp;

i a _tmp_tmp_tmp = 683.0 * v_s J tmp_tmp / 100.0;

r a tmp tmp = xp + i_a_tmp_tmp_tmp;
s_a_tmp_tmp = 316.96529778510455 * (v_s J tmp_tmp - 1.0) / 100.0;
t_a_tmp_tmp = g a_tmp * c_s_J tmp_tmp / 50.0;

ua tmp tmp = f a tmp * s J tmp tmp / 100.0;
j_a_tmp_tmp tmp = 6137.0 * c_s_J tmp_tmp * d_s_J_tmp_tmp;
v_a tmp tmp = j a tmp tmp tmp * e s J tmp tmp / 100.0;
w_a_tmp_tmp =
((((((r_a_tmp_tmp + 1 s J tmp_tmp) + s_a_tmp_tmp) - t_a_tmp_tmp) +
u_a_tmp_tmp) +
m_s_J_tmp_tmp) -
v_a_tmp_tmp) +
64.91;
h_a_tmp = fabs(w_a_tmp_tmp);
k _a tmp tmp tmp = 607.0 * e s J tmp_tmp;
X_a_tmp tmp = k_a_tmp_tmp _tmp / 50.0;
y_a_tmp_tmp = 683.0 * u_s_J tmp_tmp / 50.0;
ab_a _tmp tmp = 316.96529778510455 * u_ s J tmp tmp / 50.0;
b_a_tmp_tmp_tmp_tmp = 6137.0 * f s J tmp_tmp;
1 a _tmp_tmp_tmp = b_a_tmp_tmp_tmp tmp * d_s_J tmp_tmp;
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1 a_tmp_tmp_tmp / 100.0;

bb_a_tmp_tmp
cb_a_tmp_tmp
(((((zp + y_a_tmp_tmp) + x_a_tmp_tmp) + ab_a_tmp_tmp) + o_s_J_tmp_tmp) -
bb_a tmp_tmp) -
16.35;
i a tmp = fabs(cb_a tmp tmp);
m_a_tmp_tmp_tmp = 549.0 * v_s_J tmp_tmp / 100.0;
db_a_tmp_tmp = m_a_tmp_tmp_tmp - yp;
eb_a tmp _tmp = 1182.990701569543 * (v_s J tmp tmp - 1.9) / 100.9;
n_a_tmp_tmp_tmp = f_a_tmp * c_s_J_tmp_tmp;
fb_a tmp tmp = n_a _tmp _tmp tmp / 100.0;
gb_a tmp tmp = g_a_tmp * s_J_tmp_tmp / 50.0;
o_a_tmp_tmp_tmp = 6137.0 * d_s_J_tmp_tmp;
p_a_tmp_tmp_tmp = o_a_tmp_tmp_tmp * e_s_J_tmp_tmp;
hb_a tmp_tmp = p_a tmp _tmp tmp * s J tmp_tmp / 100.0;
ib_a_tmp_tmp =
((((((db_a_tmp_tmp + eb_a tmp_tmp) + fb_a _tmp tmp) + h_s I tmp tmp) +
gb_a_tmp_tmp) -
i s J tmp_tmp) +
hb_a_tmp_tmp) -
64.23;
j_a_tmp = fabs(ib_a_tmp_tmp);
k_a tmp = 3093.0 * b_s J tmp_tmp;
1 a tmp = 234.0 * f_s_J _tmp_tmp;
g_a_tmp tmp_tmp = 683.0 * x_s J tmp _tmp / 100.0;

jb_a_tmp_tmp = xp - q_a_tmp_tmp_tmp;
kb_a_tmp_tmp = 316.96529778510455 * (x_s_J tmp _tmp - 1.9) / 100.0;
1b a tmp tmp =1 a tmp * c_s J tmp _tmp / 25.0;

mb_a_tmp_tmp = k_a_tmp * s_J tmp_tmp / 50.0;
r_a_tmp_tmp_tmp = 3093.0 * c_s J tmp_tmp * d_s_J _tmp_tmp;
nb_a tmp tmp = r_a tmp_tmp tmp * e s J tmp tmp / 50.0;
ob_a_tmp_tmp =
((((((jb_a_tmp_tmp + 1 s J tmp_tmp) - kb_a tmp tmp) + 1lb_a tmp tmp) +
mb_a_tmp_tmp) +
m_s_J_tmp_tmp) -
nb_a tmp_tmp) -
64.91;
m_a_tmp = fabs(ob_a_tmp_tmp);
s a _tmp tmp tmp = 549.0 * x s J tmp tmp / 100.0;
pb_a _tmp_tmp = s_a tmp_tmp_tmp - yp;
gb_a_tmp_tmp = 1182.990701569543 * (x_s_J_tmp_tmp - 1.0) / 100.0;
t a tmp tmp tmp = k_ a_tmp * c_ s J tmp tmp;
rb_a_tmp_tmp = t_a_tmp_tmp_tmp / 50.0;
sb a tmp tmp =1 a tmp * s J tmp tmp / 25.0;
u_a_tmp_tmp_tmp = 3093.0 * d_s_J tmp_tmp;
v_a_tmp_tmp_tmp = u_a_tmp_tmp_tmp * e_s I tmp_tmp;
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tb_a_tmp_tmp
ub_a_tmp_tmp
((((((pb_a_tmp_tmp + gb_a_tmp _tmp) + rb_a tmp tmp) + h_s I tmp tmp) -
sb_a_tmp_tmp) -
i s J tmp_tmp) +
tb_a tmp_tmp) -
64.23;
n_a tmp = fabs(ub_a tmp tmp);
w_a_tmp_tmp_tmp = 234.0 * e_s_J_tmp_tmp;
vb_a_tmp_tmp = w_a_tmp_tmp_tmp / 25.0;
wb_a tmp tmp = 683.0 * w s J tmp tmp / 50.0;
xb_a_tmp_tmp = 316.96529778510455 * w_s J tmp_tmp / 50.0;
c_a_tmp_tmp_tmp_tmp = 3093.0 * f_ s J tmp_tmp;
X_a_tmp_tmp_tmp = c_a_tmp_tmp_tmp_tmp * d_s_J_tmp_tmp;
yb_a tmp_tmp = x_a_tmp_tmp tmp / 50.0;
ac_a_tmp_tmp =
(((((wb_a_tmp_tmp - zp) + vb_a _tmp _tmp) + xb_a tmp_tmp) - o s J tmp_tmp)

v_a_tmp_tmp_tmp * s_J_tmp_tmp / 50.0;

yb_a_tmp_tmp) +
16.35;
o_a_tmp = fabs(ac_a_tmp_tmp);
p_a_tmp = 1141.0 * b_s_J tmp_tmp;
g_a_tmp = 233.0 * £ s J tmp_tmp;
y_a_tmp_tmp_tmp = 183.0 * ab_s_J tmp_tmp / 100.0;

bc_a_tmp_tmp = xp - y_a_tmp_tmp_tmp;
cc_a_tmp_tmp = 1182.990701569543 * (ab_s J tmp tmp - 1.0) / 100.0;
dc_a_tmp _tmp = g_a_tmp * c_s_J _tmp_tmp / 4.0;

ec_a _tmp tmp = p a tmp * s J tmp_tmp / 50.0;
ab_a_tmp _tmp_tmp = 1141.0 * c_s_J tmp_tmp * d_s_J_tmp_tmp;
fc_a_tmp_tmp = ab_a_tmp_tmp_tmp * e_s J tmp_tmp / 50.0;
gc_a_tmp_tmp =
((((((bc_a_tmp_tmp + 1 _s J tmp_tmp) + cc_a_tmp_tmp) + dc_a_tmp_tmp) -
ec_a_tmp_tmp) +
m s J tmp_tmp) +
fc_a_tmp_tmp) -
84.91;
r_a_tmp = fabs(gc_a_tmp_tmp);
bb_a_tmp_tmp_tmp = 2049.0 * ab_s J tmp tmp / 100.0;
hc_a tmp tmp = yp + bb_a _tmp_tmp_ tmp;
ic_a_tmp_tmp = 316.96529778510455 * (ab_s J tmp_tmp - 1.0) / 100.0;
cb a tmp tmp tmp = p_a tmp * c_s J tmp tmp;
jc_a _tmp tmp = cb_a _tmp tmp _tmp / 50.0;
kc_a_tmp_tmp = g_a_tmp * s J tmp tmp / 4.0;
db_a tmp tmp tmp = 1141.0 * d s J tmp tmp;
eb_a tmp_tmp _tmp = db_a_tmp_tmp_tmp * e_s J tmp_tmp;
lc_a _tmp_tmp = eb_a _tmp _tmp tmp * s J tmp tmp / 50.0;
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mc_a_tmp_tmp =
((((((hc_a_tmp_tmp - ic_a_tmp_tmp) + jc_a_tmp_tmp) - h_s I _tmp_tmp) +
kc_a tmp_tmp) +
i s J tmp_tmp) +
lc_a tmp _tmp) +
12.27;
s_a_tmp = fabs(mc_a_tmp_tmp);
fb_a tmp _tmp tmp = 233.0 * e s J tmp tmp;
nc_a_tmp_tmp = fb_a_tmp_tmp_tmp / 4.0;
oc_a_tmp tmp = 183.0 * y s J tmp_tmp / 50.0;
pc_a_tmp_tmp 1182.990701569543 * y s J tmp_tmp / 50.0;
d_a_tmp_tmp_tmp_tmp = 1141.0 * f_s_J_tmp_tmp;
gb_a_tmp_tmp_tmp = d_a_tmp_tmp_tmp_tmp * d_s_J_tmp_tmp;
gqc_a_tmp_tmp = gb_a_tmp_tmp_tmp / 50.0;
rc_a_tmp_tmp =
(((((zp - oc_a_tmp_tmp) - nc_a_tmp_tmp) + pc_a_tmp_tmp) + o_s_J_tmp_tmp)

+
gc_a_tmp_tmp) -
16.35;
t_a _tmp = fabs(rc_a_tmp_tmp);
s J tmp =
sqrt((j_s_J_tmp_tmp * j_ s J tmp_tmp + k_s_J_tmp_tmp * k_s_J _tmp_tmp) +
n_s J tmp tmp * n_s J tmp_tmp);
b s J tmp = (((((h_s_J_tmp_tmp_tmp + i_s_J tmp_tmp_tmp) - j_s I tmp_tmp_tmp)
+

1 s J tmp_tmp) +
m_s_J_tmp_tmp) +
k s J tmp_tmp_tmp) -
35.0;
c_s_J tmp = sqrt(l_s_J_tmp_tmp_tmp * b_s_J tmp);
s J[@] = n_s J tmp_tmp *
CCCCCCEC((((h_s_3_tmp_tmp_tmp + f_s_J_tmp_tmp_tmp_tmp) + xp) +
1l s J tmp_tmp) +
i s J tmp_tmp_tmp) -
j_s_J _tmp_tmp_tmp) +
1 s J tmp_tmp) +
i s J tmp_tmp_tmp) -
j_s_ J tmp_tmp_tmp) +
m s J tmp tmp) +
k_s_J tmp_tmp_tmp) +
m s J tmp_tmp) +
k s J tmp tmp tmp) -
70.0) /
(2.0 * c.s J tmp * s J tmp);
h_s J tmp_tmp_tmp =
((e_s_J _tmp_tmp_tmp_tmp + e s J _tmp tmp_tmp) + i_s I tmp_tmp) - 91.5;
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d s J tmp = sqrt(f_s_J _tmp _tmp_tmp * h_s J tmp_tmp tmp);
e s J tmp yp + vyp;
s_J[6] = j_s_J_tmp_tmp *
CCCCCCE((((e_s_ 3 tmp + c_s_J_tmp_tmp_tmp) - h_s I tmp_tmp) +
d s J tmp tmp tmp) +
c_s J tmp tmp_tmp) -
h s J tmp_tmp) +
d s J tmp tmp tmp) +
e s J tmp_tmp_tmp) +
i s J tmp_tmp) +
e s J tmp tmp tmp) +
i s J tmp_tmp) -
183.0) /
(2.0 * d_s J tmp * s_J _tmp);
f s J tmp =
((((n_s_J_tmp_tmp_tmp + o_s_J_tmp_tmp_tmp) - zp) - o_s_J_tmp_tmp) -
p_s J tmp tmp_tmp) +
16.35;
g s J tmp =
((((zp - o_s_J tmp _tmp_tmp) - n_s J tmp tmp tmp) + o s J tmp_tmp) +
p_s_J _tmp_tmp_tmp) -
16.35;
h s J tmp = sqrt(-g_s_ J tmp * £ s J tmp);
s_J[12] = k_s_J_tmp_tmp *
(CCCC(((zp - n_s_J tmp_tmp_tmp) - o_s_ J tmp tmp_tmp) -
o_s_J tmp_tmp_tmp) -
n_s_J tmp_tmp_tmp) +
zp) +
o_s_J tmp_tmp) +
p_s_J tmp_tmp_tmp) +
o s J tmp_tmp) +
p_s_J tmp_tmp_tmp) -
32.7) /
(2.0 * h_s J tmp * s_J_tmp);
b s J tmp_tmp = g s J tmp_tmp_tmp / 100.0;
y s J tmp tmp = b s J tmp tmp + g s J tmp tmp_tmp tmp / 100.0;
e s J tmp_tmp_tmp_tmp =
s J _tmp_tmp_tmp_tmp * e_s J tmp tmp * s_J tmp tmp / 100.0;
f s J tmp_tmp tmp_tmp =
13817.0 * d_s J tmp_tmp * e_s J tmp_tmp * s J tmp tmp / 100.0;
g s J tmp tmp = g s J tmp _tmp * s J tmp _tmp / 100.0;
s s J tmp tmp = s J tmp tmp _tmp * e s J tmp _tmp / 100.0;
ab_s J tmp tmp =
((g_s J tmp tmp + 4119.0 * d_s J tmp tmp * s J tmp tmp / 100.0) +
b s J tmp_tmp_tmp_tmp * e s J tmp_tmp / 100.0) -
Ss_s_J _tmp_tmp;
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t s J tmp_tmp = 13817.0 * f s J tmp_tmp * d_s_J_tmp_tmp / 100.0;
w_s_J_tmp_tmp s_J_tmp_tmp_tmp_tmp * £ s J tmp_tmp / 100.0 - t_s_J tmp_tmp;
s J tmp *= 2.0;
s_J[18] =
-((j_s_J_tmp_tmp *
(((y_s_3J_tmp_tmp + f_s_J_tmp_tmp_tmp_tmp) -
e_s_J_tmp_tmp_tmp_tmp) *
f s J tmp _tmp_tmp +
((y_s_J3_tmp_tmp - e_s_J_tmp_tmp_tmp_tmp) +
f s _J tmp_tmp_tmp_tmp) *
h s J tmp _tmp_tmp) /
d s J tmp -
n_s_J _tmp_tmp *
(ab_s_J tmp_tmp * 1 s J tmp_tmp_tmp + ab_s_J tmp_tmp * b_s_J tmp)

c_s_J tmp) +
k s J tmp_tmp *
(w.s J tmp tmp * £ s J tmp - w.s J tmp tmp * g s J tmp) /
h_s_J tmp) /
s_J_tmp;
u_s_J_tmp_tmp
y_s_J_tmp_tmp
(u_s_ J tmp_tmp - 1177.0 * e s J tmp _tmp * s J tmp _tmp / 25.0) +
h_s J tmp_tmp_tmp_tmp * s_J tmp_tmp / 100.0;
e s J tmp _tmp_tmp tmp = c_s J tmp_tmp tmp_tmp / 25.0;
ab s J tmp tmp = d_s J tmp_tmp tmp tmp / 100.0;
w_s_J tmp_tmp = b_s_J_tmp_tmp_tmp / 100.0;

v.s J tmp tmp = m_ s J tmp tmp tmp * c_s J tmp tmp / 100.0;
X_S_J_tmp_tmp
(v_s_J _tmp_tmp - 1177.0 * c_s_J _tmp_tmp * e s J tmp_tmp / 25.0) +

4119.0 * £ s J tmp tmp * c_ s J tmp tmp * d s J tmp _tmp / 100.0;
s_J[24] =
((j_s_J3_tmp_tmp *
(y s J tmp tmp * h_s J tmp tmp _tmp +
y s J tmp_tmp * £ s J tmp_tmp_tmp) /
d s J tmp -
k_s J _tmp_tmp *
(((e_s_J_tmp_tmp_tmp_tmp + w_s_J _tmp_tmp) + ab_s_J tmp_tmp) *
g s J tmp -
((e_s_J_tmp_tmp_tmp_tmp + ab_s J tmp_tmp) + w_s_J_tmp_ tmp) *
f s J tmp) /
h_s_J tmp) +
n_s_ J tmp_tmp *
(x_ s J tmp tmp * 1 s J tmp tmp tmp + x_ s J tmp tmp * b_s I tmp) /
c_s_J tmp) /
s_J_tmp;

m_s_J_tmp_tmp_tmp * s_J _tmp_tmp / 100.0;
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f s J tmp = (c_s_J tmp_tmp tmp - h_s J tmp _tmp) + d_s_J tmp_ tmp_tmp;
s _J[30] =
(j_s_J_tmp_tmp *
(((((i_s_J _tmp tmp _tmp - j s I tmp tmp tmp) + 1 s J tmp_tmp) +
m s J tmp _tmp) +
k s J tmp tmp tmp) *
f s J tmp_tmp_tmp +
((((1_s_J_tmp_tmp + i_s_J _tmp_tmp_tmp) - j_s I _tmp_tmp_tmp) +
m_s J tmp_tmp) +
k s J tmp_tmp_tmp) *
h s J tmp_tmp_tmp) /
ds J tmp -
n_s_J _tmp_tmp *
(((f_s_J_tmp + e_s_J_tmp_tmp_tmp) + i_s_J_tmp_tmp) *
1 s J tmp_tmp_tmp +
((f_s_J _tmp + i_s I _tmp_tmp) + e_s_J_tmp_tmp_tmp) * b_s I _tmp) /
c_s_J tmp) /
s_J_tmp;
s J tmp =
sqrt((r_s_J tmp tmp * r_s J tmp tmp + p_s J tmp tmp * p s J tmp_tmp) +
g_s_J_tmp_tmp * gq_s_J_tmp_tmp);
b s J tmp = (((((q_s_I_tmp_tmp_tmp - r_s_J _tmp_tmp_tmp) - s_s I _tmp_tmp_tmp)

+
1 s J tmp_tmp) +
m s J tmp _tmp) +
t s J tmp_tmp_tmp) +
35.0;
c s J tmp = sqrt(u_s_J tmp tmp tmp * b_s J tmp);
s_J[1] = gq_s_J_tmp_tmp *
(CCCCCCCCCC((as_I_tmp_tmp_tmp - 1i_s_J_tmp_tmp_tmp_tmp) + xp) +
1l s J tmp_tmp) -
r_s_J_tmp_tmp_tmp) -
s s J tmp_tmp_tmp) +
1 s J tmp_tmp) -
r_s_J_tmp_tmp_tmp) -
s s J tmp_tmp_tmp) +
m_s_J_tmp_tmp) +
t s J tmp_tmp_tmp) +
m s J tmp_tmp) +
t s J tmp_tmp_tmp) +
70.0) /
(2.0 * c.s J tmp * s J tmp);
h_s J tmp_tmp_tmp =
((n_s J tmp tmp tmp tmp + x_s J tmp tmp tmp) + i s J tmp tmp) - 91.5;
d s J tmp = sqrt(y_s_J_tmp_tmp_tmp * h_s J tmp_tmp_tmp);
s J[7] = r_s_J_tmp_tmp *
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CCCCCC(((e_s_3_tmp + v_s_J _tmp_tmp_tmp) - h_s_JI_tmp_tmp) -
w_s_J_tmp_tmp_tmp) +
v_s J tmp tmp_ tmp) -
h_s J_tmp_tmp) -
w_s_ J tmp_tmp_tmp) +
X_s_ J tmp tmp tmp) +
i s J tmp_tmp) +
X_s J tmp tmp tmp) +
i s J tmp_tmp) -
183.9) /
(2.0 * d s J tmp * s J tmp);
e s J tmp =
((((ab_s_J_tmp_tmp_tmp + bb_s_J_tmp_tmp_tmp) + zp) + o_s_J_tmp_tmp) +
cb_s_J _tmp_tmp_tmp) -
16.35;
f s J tmp = sqrt(e_s_J_tmp * db_s_J_tmp_tmp_tmp);
s J[13] = p_s_J _tmp_tmp *
(CCC((((zp + ab_s_J_tmp_tmp_tmp) + bb_s J tmp_tmp_ tmp) +
bb_s J _tmp_tmp_tmp) +
ab_s J_tmp_tmp_tmp) +
zp) +
o_s_J tmp_tmp) +
cb_s_J_tmp_tmp_tmp) +
o_s_J_tmp_tmp) +
cb_s_J_tmp_tmp_tmp) -
32.7) /
(2.0 * £ s J tmp * s_J _tmp);
g s J tmp = ((g_s_J tmp tmp + 3903.0 * d_s J tmp tmp * s J tmp tmp / 100.0)
+

o |

k_ s J tmp_tmp_tmp_tmp * e_s J tmp_tmp / 100.0) -
s_s_J _tmp_tmp;
h s J tmp = b_s J tmp tmp + j_s J tmp_tmp_tmp_tmp / 100.0;
y s J tmp_tmp = J _tmp_tmp tmp _tmp tmp * e s J tmp tmp * s J tmp tmp /
100.0;
e s J tmp_tmp_tmp_tmp =
s J tmp_tmp tmp tmp tmp * £ s J tmp tmp / 100.0 - t s J tmp tmp;
s J tmp *= 2.0;
s_J[19] = ((gq_s_J_tmp_tmp *
(g s J tmp * u s J tmp tmp tmp + g s J tmp * b s J tmp) /
c_s_J _tmp -
r s J tmp_tmp *
(((h_s J tmp + £ s J tmp tmp tmp tmp) - y s J tmp tmp) *
y_s_J_tmp_tmp_tmp +
((h.s J tmp - y s J tmp tmp) + £ s J tmp tmp _tmp_tmp) *
h_ s J tmp_tmp_tmp) /
d s J tmp) +

J_
S_
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p_s_J tmp tmp *
(e_s_J tmp_tmp tmp tmp * e s J tmp +
e s J tmp tmp tmp tmp * db s J tmp tmp tmp) /
f s J tmp) /
s_J _tmp;
g s J tmp = (4889.0 * e_s_J tmp_tmp * s_J _tmp_tmp / 100.0 + u_s_J_tmp_tmp) +
0_s_J tmp_tmp_tmp tmp * s J tmp tmp / 100.0;
h s 3Jtmp=1s3J tmp tmp tmp tmp / 100.0;
y_ s J tmp_tmp = m_s J tmp_tmp_tmp_tmp / 100.0;
e_s J _tmp_tmp_tmp_tmp =
(4889.0 * c s J tmp tmp * e s J tmp tmp / 100.0 + v_s_J tmp tmp) +
3903.0 * £ s J tmp tmp * c_s J tmp tmp * d_s J tmp tmp / 100.0;
s_J[25] =
((r_s_J_tmp_tmp *
(g.s J tmp * h_.s J tmp tmp tmp + g s J tmp * y s J tmp_tmp_tmp) /
d s J tmp -
p_s_ J tmp _tmp *
(((y_s_J tmp tmp - h_ s J tmp) + w_s_J tmp _tmp) * e s J tmp +
((w_s_J _tmp_tmp - h_s_J tmp) + y_s_J _tmp_tmp) *
db_s J tmp_tmp_tmp) /
f s J tmp) +
g_s_J_tmp_tmp *
(e_s J tmp _tmp _tmp tmp * u_s J tmp_tmp_tmp +
e_s_J _tmp_tmp_tmp_tmp * b_s I _tmp) /
c_s_J tmp) /
s_J_tmp;
e s J tmp = (v_s_J tmp_tmp_tmp - h_s J tmp_tmp) - w_s_J _tmp_tmp_tmp;
s J[31] =
(r_s_J_tmp_tmp *
(((((1_s_J_tmp_tmp - s_s_J tmp_tmp_tmp) - r_s I _tmp_tmp_tmp) +
m_s J tmp_tmp) +
t_ s J_tmp_tmp_tmp) *
y_s_J _tmp_tmp_tmp +
((((1_s J tmp tmp - r_s J tmp _tmp tmp) - s_s I tmp_tmp_ tmp) +
m_s_J_tmp_tmp) +
t s J tmp_tmp_tmp) *
h_s_J tmp_tmp_tmp) /
ds J tmp -
g_s_J tmp tmp *
(((e_s_J_tmp + x_s_J_tmp_tmp_tmp) + i_s I _tmp_tmp) *
u_s_J tmp_tmp_tmp +
((e_s J tmp + i s J tmp tmp) + x_ s J tmp tmp _tmp) * b_s I tmp) /
c_s_J tmp) /
s_J_tmp;
s J tmp = sqrt((c_a_tmp * c_a_tmp + d_a_tmp * d_a_tmp) + e_a_tmp * e_a_tmp);
b s J tmp = ((((((a_tmp_tmp - c_a_tmp_tmp) - d_a_tmp_tmp) + 1 s I _tmp_tmp) -
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b_a tmp_tmp) +
m_s_J_tmp_tmp) +
e a_tmp tmp) +
84.91;
c s J tmp = sgrt(b_s J tmp * £ a tmp tmp);
s J[2] = c_a_tmp *
(CCCCCCCCCCCC((a_tmp_tmp + a_tmp_tmp_tmp) + xp) + 1_s_J_tmp_tmp) -
b a tmp_tmp) -
c_a_tmp_tmp) -
d a_tmp_tmp) +
1 s J tmp_tmp) -
b _a tmp_tmp) -
c_a_tmp_tmp) -
d_a_tmp_tmp) +
m s J tmp _tmp) +
e_a_tmp_tmp) +
m_s J tmp_tmp) +
e a_tmp_tmp) +
169.82) /
(2.0 * c_s J tmp * s_J tmp);
h_s J tmp_tmp_tmp =
((((((g_a_tmp_tmp + i_a_tmp_tmp) - h_s I _tmp_tmp) - j_a_tmp_tmp) -
h_a_tmp_tmp) +
k_a_tmp_tmp) +
i s J tmp_tmp) +
12.27;
d s J tmp = sqrt(h_s_J_tmp_tmp_tmp * 1 a_tmp_tmp);
s J[8] = d a tmp *
(CCCCCCCCCCCC((gatmp_tmp + c_a_tmp_tmp_tmp) + yp) - h_a_tmp_tmp) +
i_a_tmp_tmp) -
h s J tmp_tmp) -
j_a_tmp_tmp) -
h_a tmp_tmp) +
i a tmp_tmp) -
h_ s J tmp_tmp) -
j_a _tmp tmp) +
k_a_tmp_tmp) +
i s J tmp_tmp) +
k_a_tmp_tmp) +
i s J tmp_tmp) +

24.54) /
(2.0 * d s J tmp * s J tmp);
e s J tmp =
(((((m_a_tmp_tmp + n_a_tmp_tmp) + zp) - o_a tmp tmp) + o_s I tmp tmp) +
p_a_tmp_tmp) -
16.35;
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f s J tmp = sqrt(q_a_tmp_tmp * e_s_J _tmp);
s_J[14] = e_a_tmp *
(CCCCCC((((zp + m_a_tmp_tmp) + n_a _tmp _tmp) + n_a_tmp tmp) +
m_a_tmp_tmp) +
zp) -
o_a_tmp tmp) -
o_a_tmp_tmp) +
o s J tmp tmp) +
p_a_tmp_tmp) +
o_s_J tmp_tmp) +
p_a_tmp tmp) -
32.7) /
(2.0 * £ s J tmp * s_J_tmp);
g s J tmp = ((e_a_tmp_tmp_tmp * s_J tmp_tmp / 100.0 + g_s_J tmp_tmp) +
d a tmp _tmp tmp * e s J tmp _tmp / 100.0) -
s_s_J_tmp_tmp;
h s J tmp =a tmp * f s J tmp_tmp / 100.0 - t_ s J tmp_ tmp;
y s J tmp tmp = b_s J tmp_tmp + b_a_tmp_tmp tmp / 100.0;
e s J tmp_tmp_tmp_tmp = a_tmp * e_s_J _tmp_tmp * s_J _tmp_tmp / 100.0;
s J tmp *= 2.0;
s_J[20] =
((c_a_tmp * (g_s_ J tmp * b_s I tmp + g s J tmp * f_a_tmp_tmp) /
c_s_J tmp +
e a_tmp * (h_s_J tmp * gq_a_tmp_tmp + h_s J tmp * e_s J _tmp) /
f s J tmp) -
d a _tmp *
(((y_s_3J_tmp_tmp - e_s_J_tmp_tmp_tmp_tmp) + f_ s I _tmp_tmp_tmp_tmp) *
h s J tmp _tmp _tmp +
((y_s_J_tmp_tmp + f_s_J _tmp_tmp_tmp_tmp) - e s I _tmp_tmp_tmp_tmp) *
1 a_tmp_tmp) /
d s J tmp) /
s_J_tmp;
g s J tmp = (g_a tmp tmp_tmp * s J tmp tmp / 100.0 + u_s_J tmp_ tmp) +
h_a tmp _tmp tmp * s J tmp tmp / 100.0;
h s J tmp = f_a_tmp_tmp_tmp / 100.0;
y s J tmp tmp = b_a tmp / 100.0;
e s J tmp_tmp_tmp_tmp =
(5921.0 * c_s_J tmp_tmp * e_s J tmp_tmp / 100.0 + v_s_J tmp_tmp) +
a_tmp _tmp tmp tmp * c s J tmp tmp * d s J tmp tmp / 100.0;
s_J[26] =
((d_a tmp * (g s J tmp * 1 a tmp tmp + g s J tmp * h_s J tmp_tmp_tmp) /
ds J tmp -
e a_tmp *
(((w.s J tmp tmp - y s J tmp tmp) + h_s J tmp) * q_a_tmp_tmp +
((h_s_J tmp - y s J tmp_tmp) + w_s_J tmp_tmp) * e_s I tmp) /
f s J tmp) +
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c_a_tmp *
(e_s_J tmp_tmp_tmp tmp * b_s J tmp +
e_s_J_tmp_tmp_tmp_tmp * £ _a_tmp_tmp) /

c_s_J tmp) /
s_J _tmp;
e s J tmp = (i_a_tmp_tmp - h_s_J_tmp_tmp) - j_a_tmp_tmp;
s _J[32] =
-(c_a_tmp *
(((e_s_J tmp + k_a_tmp_tmp) + i s J tmp_tmp) * f_a tmp_tmp +
((e_s_ J tmp + i s J tmp_tmp) + k_a_tmp_tmp) * b_s I tmp) /
c_s_ J tmp -
d_a_tmp *
(((((1_s_J_tmp_tmp - d_a_tmp_tmp) - c_a_tmp_tmp) + m_s_J_tmp_tmp) +
e_a_tmp_tmp) *
1 a tmp_tmp +
((((1_s_J_tmp_tmp - c_a_tmp_tmp) - d_a_tmp_tmp) + m_s_J_tmp_tmp) +
e _a_tmp_tmp) *
h s J tmp_tmp_tmp) /
d_s_J_tmp) /
s_J_tmp;

s_J_tmp = sqrt((h_a_tmp * h_a_tmp + i_a_tmp * i_a_tmp) + j_a tmp * j_a tmp);
b s J tmp = ((((((r_a_tmp_tmp - t_a_tmp_tmp) + u_a_tmp_tmp) + 1_s_J_tmp_tmp)
+
s_a_tmp_tmp) +
m s J tmp_tmp) -
v_a_tmp_tmp) +
64.91;
c s J tmp = sqrt(b_s J tmp * w_a_tmp_tmp);
s_J[3] =
h_a_tmp *
CCCCCCEEE((r_a_tmp_tmp + i_a_tmp_tmp_tmp) + xp) + 1 s J tmp_tmp) +
s_a_tmp_tmp) -
t_a _tmp_tmp) +
u_a tmp_tmp) +
1 s J tmp_tmp) +
s_a_tmp_tmp) -
t_a_tmp_tmp) +
u_a_tmp_tmp) +
m s J tmp_tmp) -
v_a_tmp_tmp) +
m s J tmp_tmp) -
v_a_tmp_tmp) +
129.82) /
(2.0 * c.s J tmp * s _J tmp);
h_s J tmp_tmp_tmp =
((((((db_a_tmp_tmp + fb_a_tmp_tmp) + h_s I tmp_tmp) + gb_a tmp_tmp) +
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eb_a_tmp_tmp) +
hb_a_tmp_tmp) -
i_s J_tmp_tmp) -

64.23;
d s J tmp = sqrt(ib_a tmp tmp * h_s J tmp _tmp tmp);
s_J[9] =

-(j_a_tmp *

(CCCCCCCCCCCC((db_a_tmp_tmp + m_a_tmp_tmp_tmp) - yp) + eb_a_tmp_tmp) +
fb_a_tmp_tmp) +
h_s J_tmp_tmp) +
gb_a_tmp_tmp) +
eb_a tmp_tmp) +
fb_a_tmp_tmp) +
h_s_ J tmp_tmp) +
gb_a_tmp_tmp) +
hb_a_tmp_tmp) -
i s J tmp_tmp) +
hb_a_tmp_tmp) -
i s J tmp_tmp) -
128.46)) /
(2.0 * d_s_ J tmp * s_J_tmp);
e s J tmp =
(((((x_a_tmp_tmp + y_a_tmp_tmp) + zp) + ab_a_tmp_tmp) + o_s I tmp_tmp) -
bb_a_tmp_tmp) -
16.35;
f s J tmp = sqrt(cb_a tmp _tmp * e s J tmp);
s_J[15] = i_a_tmp *
(CCCCCCCC(((zp + x_a_tmp_tmp) + y_a_tmp_tmp) + y_a_tmp_tmp) +
x_a_tmp_tmp) +
zp) +
ab_a tmp tmp) +
ab_a_tmp_tmp) +
o s J tmp tmp) -
bb_a tmp_tmp) +
o_s_J _tmp_tmp) -
bb_a tmp_tmp) -
32.7) /
(2.0 * £ s J tmp * s_J tmp);
g s J tmp = ((o_a _tmp_tmp tmp * s J tmp tmp / 100.0 - g s J tmp tmp) +
n_a_tmp_tmp_tmp * e_s J tmp_tmp / 100.0) +
s_s_J tmp_tmp;
h s 3Jtmp=+Fatmp*f s J tmp tmp / 100.0 + t s J tmp_tmp;
y s J tmp_tmp = b_s J tmp_tmp - j_a tmp_tmp_tmp / 100.0;
e s J tmp tmp tmp tmp = f a tmp * e s J tmp tmp * s J tmp tmp / 100.0;
s J tmp *= 2.0;
s _J[21] =
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-((h_a_tmp * (g_s J tmp * b s J tmp + g s J tmp * w_a_tmp_tmp) /
c_s_J tmp +
iatmp * (h s J tmp * cb a tmp tmp + h. s J tmp * e s J tmp) /
f s J tmp) -
j_a_tmp *
(((y_s_3J_tmp_tmp + e_s_J_tmp_tmp_tmp_tmp) + f_s_J_tmp_tmp_tmp_tmp)

h s J tmp tmp _tmp +
((y_s_J tmp tmp + f_s_J tmp_tmp_tmp tmp) + e s I tmp_tmp_tmp_tmp)

ib_a tmp_tmp) /
d_s_J tmp) /
s_J_tmp;
g s J tmp = g a tmp / 50.0;
h s J tmp = p_a_tmp_tmp_tmp / 100.0;
y s J tmp_tmp = (k_a_tmp_tmp_tmp * s J tmp_tmp / 50.0 + u_s_J_tmp_tmp) -
1 a tmp_tmp tmp * s J tmp_tmp / 100.0;
e s J tmp_tmp_tmp_tmp =
(607.0 * c_s_J tmp_tmp * e_ s J tmp_tmp / 50.0 + v_s_J tmp_tmp) -
b a tmp_tmp tmp tmp * c_s J tmp tmp * d_s J tmp tmp / 100.0;

s_J[27] =

((i_a_tmp *

(((g_s_ 3 tmp - w s J tmp tmp) + h_s J tmp) * cb_a tmp_tmp +
((g_s_J _tmp + h_s_J tmp) - w_s_J tmp_tmp) * e_s I tmp) /
f s J tmp -
j_a _tmp *

(y_s_J tmp_tmp * h_s J tmp_tmp_tmp + y_s J tmp_tmp * ib_a_tmp_tmp)
d s J tmp) +

h_a_tmp *
(e s J tmp tmp tmp tmp * b s J tmp +
e_s_J tmp_tmp_tmp_tmp * w_a_tmp_tmp) /
c_s_ J tmp) /

s_J_tmp;

e s J tmp = (fb_a_tmp_tmp + h_s_J tmp_tmp) + gb_a_tmp_tmp;
s J[33] =
(h_a_tmp *
(((e_s_J_tmp + hb_a_tmp_tmp) - i_s J tmp_tmp) * w_a_tmp_tmp +
((e_s J tmp - i s J tmp tmp) + hb_a tmp tmp) * b_s I tmp) /
c_s_J tmp -
j_a_tmp *
(((((1L_s J tmp tmp - t_a tmp _tmp) + u_a _tmp _tmp) + m_s I tmp tmp) -
v_a_tmp_tmp) *
h s J tmp _tmp _tmp +
((((u_a_tmp_tmp - t_a_tmp _tmp) + 1 s J tmp_tmp) + m_s_J_tmp_tmp) -
v_a_tmp_tmp) *
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ib_a_tmp_tmp) /
d_s_J _tmp) /
s_J _tmp;
s J tmp = sqrt((m_a_tmp * m_a_tmp + n_a_tmp * n_a_tmp) + o_a tmp * o_a tmp);
b s J tmp =
((((((jb_a_tmp_tmp + 1b_a_tmp_tmp) + mb_a_tmp_tmp) + 1_s I _tmp_tmp) -
kb_a_tmp_tmp) +
m_s_J_tmp_tmp) -
nb_a_tmp_tmp) -

64.91;
c s J tmp = sgrt(b_s J tmp * ob_a tmp tmp);
s J[4] =

m_a_tmp *

(CCCCCCCCCCCC((Jb_a_tmp_tmp - q_a_tmp_tmp_tmp) + xp) + 1_s_J_tmp_tmp) -
kb_a tmp_tmp) +
1b_a_tmp_tmp) +
mb_a_tmp_tmp) +
1 s J tmp_tmp) -
kb_a_tmp_tmp) +
1b_a_tmp_tmp) +
mb_a_tmp_tmp) +
m_s_J_tmp_tmp) -
nb_a_tmp_tmp) +
m_s_J_tmp_tmp) -
nb_a_tmp_tmp) -
129.82) /
(2.0 * c_s J tmp * s_J _tmp);
h s J tmp tmp_tmp =
((((((pb_a_tmp_tmp + rb_a_tmp_tmp) + h_s_J tmp_tmp) - sb_a_tmp_tmp) +
gb_a_tmp_tmp) +
tb_a_tmp_tmp) -
i s J tmp_tmp) -

64.23;
d s J tmp = sqrt(ub_a_tmp tmp * h_s J tmp tmp tmp);
s_J[10] =

-(n_a_tmp *

CCCCCCCCCCCCC((pb_a_tmp_tmp + s_a_tmp_tmp_tmp) - yp) + gqb_a_tmp_tmp) +
rb_a_tmp_tmp) +
h s J tmp_tmp) -
sb_a_tmp_tmp) +
gb_a tmp tmp) +
rb_a _tmp_tmp) +
h s J tmp_tmp) -
sb_a tmp_tmp) +
tb_a_tmp_tmp) -
i s J tmp_tmp) +
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tb_a_tmp_tmp) -
i s J tmp_tmp) -
128.46)) /
(2.0 * d_s_J tmp * s_J _tmp);
e s J tmp =
(((((vb_a _tmp tmp + wb_a tmp tmp) - zp) + xb_a _tmp_tmp) - o s J tmp tmp)

yb_a_tmp_tmp) +
16.35;
f s J tmp = sqrt(ac_a_tmp_tmp * e_s_J tmp);
s J[16] = -(o_a_tmp *
CCCCCCCC((((vb_a_tmp_tmp - zp) + wb_a_tmp_tmp) + wb_a_tmp_tmp) +
vb_a_tmp_tmp) -
zp) +
xb_a tmp_tmp) +
xb_a_tmp_tmp) -
o s J tmp tmp) +
yb_a tmp_tmp) -
o_s_J tmp_tmp) +
yb_a tmp_tmp) +
32.7)) /
(2.0 * £ s J tmp * s_J_tmp);
g s J tmp =b_ s J tmp tmp - r_a_tmp tmp_tmp / 50.0;
h s J tmp = k_a_tmp * e_s J tmp_tmp * s_J _tmp_tmp / 50.0;
y s J tmp tmp = ((u_a_tmp_tmp _tmp * s J tmp tmp / 50.0 - g s J tmp tmp) +
t a tmp tmp tmp * e s J tmp tmp / 50.0) +
s_s_J_tmp_tmp;
e s J tmp tmp tmp tmp = k a tmp * £ s J tmp tmp / 50.0 + t s J tmp tmp;
s J tmp *= 2.0;
s_J[22] =
((n_a_tmp *
(((g_s_J_tmp + h_s_J tmp) + f_s_J_tmp_tmp_tmp_tmp) *
h s J tmp _tmp _tmp +
((g_s J tmp + £ s J tmp _tmp_tmp_tmp) + h_s J tmp) * ub_a tmp_ tmp)

ds J tmp -
m a tmp * (y_s J tmp _tmp * b s J tmp + y_s J tmp_tmp * ob_a_tmp_tmp) /
c_s_J tmp) +
o _a _tmp *
(e_s_J tmp_tmp_tmp_tmp * ac_a_tmp_tmp +
e s J tmp tmp tmp tmp * e s J tmp) /
f s J tmp) /
s_J_tmp;
g s J tmp = (w_a tmp tmp tmp * s J tmp tmp / 25.0 - u_s_J tmp tmp) +
x_a_tmp_tmp_tmp * s_J tmp_tmp / 50.0;

h s J tmp = (234.0 * c_s_J tmp_tmp * e_s J tmp_tmp / 25.0 - v_s_J tmp_tmp) +
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c_a_tmp_tmp_tmp_tmp * c_s I _tmp_tmp * d_s_J tmp tmp / 50.0;
y s J tmp_tmp = 1_a_tmp / 25.0;
e s J tmp tmp tmp tmp = v_a tmp tmp tmp / 50.0;
s_J[28] =
((n_a_tmp * (g_s_J _tmp * h_s_J_tmp_tmp_tmp + g_s_J tmp * ub_a_tmp_tmp) /
ds J tmp -
m_a_tmp * (h_s J tmp * b_s J tmp + h_s_J tmp * ob_a_tmp_tmp) /
c s J tmp) +
o_a_tmp *
(((y_s_J_tmp_tmp + w_s_J_tmp_tmp) - e_s_J_tmp_tmp_tmp_tmp) *
ac_a_tmp_tmp +
((y_s_J3_tmp_tmp - e_s_J_tmp_tmp_tmp_tmp) + w_s_J tmp_tmp) *
e_s_J tmp) /
f s J tmp) /
s_J_tmp;
e s J tmp = (rb_a_tmp_tmp + h_s_J tmp_tmp) - sb_a_tmp_tmp;
s J[34] =
(m_a_tmp *
(((e_s_J_tmp + tb_a_tmp_tmp) - i_s J tmp_tmp) * ob_a_tmp_tmp +
((e_s_ J tmp - i s J tmp tmp) + tb_a tmp _tmp) * b_s I tmp) /
c_s_ J _tmp -
n_a_tmp *
(((((1_s_J tmp_tmp + 1b_a tmp _tmp) + mb_a tmp tmp) + m_s J tmp_ tmp)
nb_a_tmp_tmp) *
h s J tmp _tmp _tmp +
((((1b_a_tmp_tmp + mb_a_tmp_tmp) + 1 s J tmp_tmp) + m_s_J_tmp_tmp)

nb_a_tmp_tmp) *
ub_a_tmp_tmp) /
d s J tmp) /
s_J_tmp;
s J tmp = sqrt((r_a_tmp * r_a tmp + s_a _tmp * s_a tmp) + t a tmp * t a tmp);
b s J tmp =
((((((bc_a_tmp_tmp + dc_a_tmp_tmp) - ec_a_tmp_tmp) + 1 s I _tmp_tmp) +
cc_a_tmp_tmp) +
m_s_J_tmp_tmp) +
fc_a_tmp_tmp) -

84.91;
c_s_J tmp = sqrt(b_s_J tmp * gc_a tmp_tmp);
s J[5] =

r_a_tmp *

(CCCCCCCCCCCC((be_a_tmp_tmp - y_a_tmp_tmp_tmp) + xp) + 1_s_J_tmp_tmp) +
cc_a_tmp_tmp) +
dc_a_tmp_tmp) -
ec_a_tmp_tmp) +
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1 s J tmp_tmp) +
cc_a_tmp_tmp) +
dc_a tmp tmp) -
ec_a_tmp_tmp) +
m s J tmp_tmp) +
fc_a _tmp_tmp) +
m_s_J_tmp_tmp) +
fc_a_tmp_tmp) -
169.82) /
(2.0 * c_s_J tmp * s_J _tmp);
h s J tmp tmp_tmp =
((((((hc_a_tmp_tmp + jc_a_tmp_tmp) - h_s I _tmp_tmp) + kc_a_tmp_tmp) -
ic_a_tmp_tmp) +
lc_a_tmp_tmp) +
i s J tmp_tmp) +

12.27;
d s J tmp = sqrt(h_s_J tmp tmp_tmp * mc_a_tmp_tmp);
s J[11] =

s_a_tmp *

(CCCCCCCCCCC(((he_a_tmp_tmp + bb_a_tmp_tmp_tmp) + yp) - ic_a_tmp_tmp) +
jc_a_tmp_tmp) -
h_s J tmp_tmp) +
kc_a_tmp_tmp) -
ic_a_tmp_tmp) +
jc_a_tmp_tmp) -
h s J tmp_tmp) +
kc_a_tmp_tmp) +
lc_a tmp_tmp) +
i s J tmp_tmp) +
lc_a_tmp_tmp) +
i s J tmp_tmp) +
24.54) /
(2.0 * d s J tmp * s J tmp);
e s J tmp = sqrt(rc_a_tmp_tmp * rc_a tmp_tmp);
s_J[17] = t_a_tmp *
(O ((zp - nc_a_tmp_tmp) - oc_a_tmp_tmp) - oc_a tmp_tmp) -
nc_a_tmp_tmp) +
zp) +
pc_a_tmp_tmp) +
pc_a_tmp_tmp) +
o s J tmp tmp) +
gc_a_tmp tmp) +
o_s_J tmp_tmp) +
gc_a_tmp tmp) -
32.7) /
(2.0 * e s J tmp * s_J tmp);
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f s J tmp = ((db_a_tmp_tmp_tmp * s_J tmp_tmp / 50.0 + g_s_J_tmp_tmp) +
cb_a_tmp_tmp_tmp * e_s_J tmp_tmp / 50.0) -
s_ s J tmp_tmp;
g s_J tmp (p_a_tmp * f s J tmp_tmp / 50.0 - t_s_J tmp_tmp) * rc_a_tmp_tmp;
h s Jtmp=>bs J tmp tmp + ab_a tmp tmp tmp / 50.0;
y_s_ J tmp_tmp = p_a_tmp * e_s_J _tmp_tmp * s_J tmp_tmp / 50.0;
s J tmp *= 2.0;
s_J[23] = ((r_a_tmp * (f_s_J _tmp * b_s J tmp + £ s_J _tmp * gc_a_tmp_tmp) /
c_s_J_tmp +
t a tmp * (g_s I tmp + g s J tmp) / e_s_J _tmp) -
s a_tmp *
(((h_s_J tmp -y s J tmp_tmp) + f s I _tmp_tmp_tmp_tmp) *
h_s_J _tmp_tmp_tmp +
((h_s_J _tmp + f_s_J_tmp_tmp_tmp_tmp) - y_s I _tmp_tmp) *
mc_a_tmp_tmp) /
d s J tmp) /
s_J_tmp;
f s J tmp = (u_s_J tmp tmp - fb_a tmp tmp tmp * s J tmp tmp / 4.0) +
gb_a tmp_tmp tmp * s_J tmp_tmp / 50.0;
g s J tmp = qg_a tmp / 4.0;
h_s J tmp = eb_a_tmp_tmp_tmp / 50.0;
y_s_J_tmp_tmp
(v_s_ J tmp tmp - 233.0 * c_ s J tmp tmp * e s J tmp tmp / 4.0) +
d_a_tmp_tmp_tmp_tmp * c_s_J tmp_tmp * d_s_J_tmp_tmp / 50.0;
s J[29] =
((s_a_tmp * (f s J tmp * mc_a tmp tmp + £ s J tmp * h_s J tmp_tmp_tmp) /
d s J tmp -
t a tmp *
(((g_s_J_tmp + w_s_J _tmp_tmp) + h_s_J tmp) * rc_a_tmp_tmp +
((g_s_J tmp + h_s J tmp) + w_s_J tmp_tmp) * rc_a_tmp_tmp) /
e s J tmp) +
r_a_tmp * (y_ s J tmp tmp * b_s J tmp + y_s_J tmp_tmp * gc_a_tmp_tmp) /
c_s_ J tmp) /
s_J_tmp;
e s J tmp = (jc_a_tmp_tmp - h_s_J _tmp_tmp) + kc_a_tmp_tmp;
s J[35] = -(r_a_tmp *
(((e_s_J_tmp + 1c_a_tmp_tmp) + i_s J _tmp_tmp) * gc_a_tmp_tmp

((e_s J tmp + i s J tmp tmp) + 1lc_a tmp tmp) * b_s I tmp) /
c_s_J _tmp -
s a_tmp *
(((((dc_a_tmp _tmp - ec_a tmp tmp) + 1 s J tmp_tmp) +
m_s_J_tmp_tmp) +
fc_a tmp_tmp) *
mc_a_tmp_tmp +
((((1_s_J_tmp_tmp + dc_a_tmp_tmp) - ec_a_tmp_tmp) +
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m_s J tmp_tmp) +
fc_a_tmp_tmp) *
h s J tmp _tmp tmp) /
d_s_J tmp) /
s_J _tmp;

// Funcioén: mapear un valor de punto flotante
float mapFloat(float x, float in_min, float in_max, float out_min, float

out_max) {
return (x - in_min) * (out_max - out min) / (in_max - in_min) + out_min;

// Funcidén: calcular la inversa de una matriz
void inverseMatrix(float matrix[N][N], float inverse[N][N]) {
// Inicializar la matriz inversa como la matriz identidad
for (int 1 = 0@; i < N; i++) {
for (int j = @; j < N; j++) {

if (i == j)
inverse[i][j] = 1.0;
else
inverse[i][]j] = 0.0;

// Calcular la inversa utilizando el método de eliminacidn gaussiana-
jordana
for (int 1 = 0@; i < N; i++) {
float pivot = matrix[i][i];

// Dividir la fila actual por el pivote

for (int j = 0; j < N; j++) {
matrix[i][j] /= pivot;
inverse[i][j] /= pivot;

// Realizar eliminacidén en otras filas
for (int k = ©; k < N; k++) {
if (k 1= 1) {
float factor = matrix[k][i];
for (int j = 0; j < N; j++) {
matrix[k][j] -= factor * matrix[i][j];
inverse[k][j] -= factor * inverse[i][j];

Pagina 143 / 159



// Funcidén: multiplicacidén de matriz y vector
void matrixVectorMultiplication(float matrix[N][N], float vector[N], float
result[N]) {
for (int 1 = 0@; i < N; i++) {
result[i] = ©;
for (int j = @; j < N; j++) {
result[i] += matrix[i][j] * vector[j];

// Funcioén: norma del vector
float norm(float* vector, int length) {
float sum = 0.0;

for (int 1 = @; i < length; i++) {
sum += vector[i] * vector[i];

return sqrt(sum);

// Funciodn: calcular la suma de comprobacidn
uintl6_t computeChecksum(float datal, float data2, float data3, float data4,
float data5, float data6) {

uintlé_t checksum = 0;

checksum += *((byte*)&datal);
checksum += *((byte*)&data2);
checksum += *((byte*)&data3);
checksum += *((byte*)&datad);
checksum += *((byte*)&data5);
checksum += *((byte*)&datab);

return checksum;
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// Funcidén: enviar un marco de datos
void sendFrame(float datal, float data2, float data3, float data4, float
data5, float data6) {

// Empaquetar los datos en un marco

uintl6_t length = sizeof(float) * 6; // Longitud de los datos

Seriall.write((byte*)&FRAME_START, sizeof(FRAME_START)); // Escribir el
indicador de inicio de marco

Seriall.write((byte*)&length, sizeof(length)); // Escribir el campo de
longitud de datos

Seriall.write((byte*)&datal, sizeof(datal)); // Escribir el segmento de
datos

Seriall.write((byte*)&data2, sizeof(data2));

Seriall.write((byte*)&data3, sizeof(data3));

Seriall.write((byte*)&data4, sizeof(datad));

Seriall.write((byte*)&data5, sizeof(data5));

Seriall.write((byte*)&data6, sizeof(data6));

// Calcular y enviar la suma de comprobacidn

uintl6_t checksum = computeChecksum(datal, data2, data3, data4, data5,
data6);

Seriall.write((byte*)&checksum, sizeof(checksum));

// Escribir el indicador de fin de marco

Seriall.write((byte*)&FRAME_END, sizeof(FRAME_END));

// Inicializar los puertos seriales
HardwareSerial SerialTFMini(1);
HardwareSerial SerialController(2);

void setup() {
/* // Inicializar la comunicacién serial para la PC
SerialController.begin(115200);
// Inicializar la comunicacidén serial para otra placa Arduino
SerialTFMini.begin(9600, SERIAL_8N1, 21, 22);
*/

// Inicializar la comunicacidén serial principal para la PC

Serial.begin(115200);

// Inicializar la comunicacidén serial secundaria para otra placa Arduino

Seriall.begin(9600);

// Configurar el pin RT como salida para activar la alarma en caso de no
cumplir con el tiempo real

pinMode(RT, OUTPUT);
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void loop() {
int it = @; // Contador de iteraciones

float f[] = {0, @0, @, @, @, O}; // Vector de restricciones

float delta x[] = {0, 0, 100, 0, @, 0}; // Vector de paso de iteracion
float J[36]; // Vector para almacenar los componentes de la matriz
Jacobiana
float X[N]; // Vector para almacenar los resultados

float Jacobi_inv[N][N]; // Matriz para la inversa de la Jacobiana
int totalBytes
bytes

70,

83,

74,

76,

73,

70,

= sizeof(float) * 6; // Longitud de datos para enviar en

// Leer valores analdégicos de los pines de los potencidmetros

int analogValuel
int analogValue2
int analogValue3
int analogValue4
int analogValue5
int analogValue6

analogRead(A6);
analogRead(A7);
analogRead(A4);
analogRead(A5);
analogRead(A18);
analogRead(A19);

// Mapear valores analdgicos a angulos especificos
float anglel = mapFloat(mapFloat(analogValuel, @, 4095, -150, 150), -69,
Ajustar manualmente los limites para cada potenciometro

-60, 60); //
float angle2
-60, 60);
float angle3
-60, 60);
float angle4d
-60, 60);
float angle5
-60, 60);
float angle6
-60, 60);

mapFloat(-mapFloat(analogValue2, 0, 4095, -150, 150), -64,
mapFloat(-mapFloat(analogvValue3, 0, 4095, -150, 150), -66,
mapFloat(-mapFloat(analogvalue4, 0, 4095, -150, 150), -59,
mapFloat(-mapFloat(analogvValue5, @, 4095, -150, 150), -64,

mapFloat(mapFloat(analogValue6, ©, 4095, -150, 150), -79,

// Crear vector de angulos
float Angle[] = {anglel, angle2, angle3, angle4, angle5, angle6};

// Calcular la norma de delta x

float dif_norm

= norm(delta_x, 6);
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// Iterar hasta que la norma sea menor a un umbral o se alcance el maximo
de iteraciones
while (dif_norm > 0.01 && it < it_max){
// Actualizar x@ con los valores de x1
for (int 1 = 0; i < N; i++) {
x0[i] = x1[i];

// Calcular el vector de restricciones f
myfun(x@, Angle, f);

// Calcular la matriz Jacobiana J
myJacobi(x@, Angle, J);

// Transformar J en una matriz 2D

float Jacobi[N][N] = {
{3[e], 3[e], 3[12], J[18], 3[24], J[3@]},
{3111, 3[7], 3[13], 3[19], 3[25], J[31]},
{3[2], J[8], J[14], 3J[20], 3I[26], J[32]},
{3031, 3091, 3[15], 3[21], 3[27], J[33]},
{J[4], J[1e], J[16], J[22], J[28], JI[34]},
{3[5], J[11], J[17], 3J[23], 3J[29], J[35]}

s

// Invertir la matriz Jacobiana
inverseMatrix(Jacobi, Jacobi_inv);

// Multiplicar la inversa de la Jacobiana por el vector f
matrixVectorMultiplication(Jacobi_inv, f, delta_x);

// Actualizar x1 con los nuevos valores
for (int 1 = 0; i < N; i++) {

x1[i] = x0[i] - delta_x[i];

X[i] = x1[i];

// Calcular la nueva norma de delta x
dif_norm = norm(delta_x, 6);
it += 1;
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// Almacenar los resultados en el vector X

for (int 1 = 0@; i < N; i++) {
X[i] = x1[i];

// Imprimir los angulos calculados

Serial.print("Angulos: ");

for (int 1 =0; i < N; i++) {
Serial.print(Angle[i]);
Serial.print(", ");

}

Serial.print("\n");

// Enviar los resultados por el puerto serial
sendFrame(X[0], X[1], X[2], X[31, X[4], X[5]);
// Imprimir las posiciones y orientaciones calculadas

Serial.print("posx: ");
Serial.println(X[0@]);
Serial.print("posy: ");
Serial.println(X[1]);
Serial.print("posz: ");
Serial.println(X[2]);
Serial.print("girox: ");
Serial.println(X[3]);
Serial.print("giroy: ");
Serial.println(X[4]);
Serial.print("giroz: ");
Serial.println(X[5]);
Serial.println(" ");

// Control del pin RT para alarma de tiempo real

t2 = millis();

if (t2 - t1 > T) {digitalWrite(RT, HIGH);}

else {digitalWrite(RT, LOW);}
while (t2 - t1 < T) {t2 = millis();}
t1l = millis();
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E. Cddigo de la programacion P_Stewart_serial de

Arduino

#include <Wire.h>
#include <Adafruit_ PWMServoDriver.h>

#tdefine pi 3.14159

// Angulos de giro limites para los servos
#define ANG_MAX pi/3
#define ANG_MIN -pi/4

#define FRAME_START OxAA55
#define FRAME_END Ox55AA

// Servos en conexiones: 4, 8, 12 (sentido inverso de giro)
// 7, 11, 15 (sentido normal de giro)
#define SERVO1 4

#define SERVO2 7

#define SERVO3 8

#define SERVO4 11

#define SERVO5 12

#define SERVO6 15

#define RT 22

Adafruit_PWMServoDriver servos = Adafruit_PWMServoDriver();
del objeto servos para el driver PCA9685

// Declaracion

const uintl6_t pos@ = 95; // Ancho de pulsos PWM para la posicidn de @02
const uintl6_t posl80 = 520; // Ancho de pulsos PWM para la posicidén de 180°
const uintl6_t td = 20; // Delay 1

const uintl6_t tdl = 10; // Delay 2

static float angl,ang2,ang3,ang4,ang5,ang6; // Angulo de giro de cada uno de

los servos en grados

const float angBase[6] = {64.6,355.4,304.6,235.4,184.6,115.4}; // Rotacion de

los puntos de unidn de la base

const float angPlat[6] = {40.6,19.4,280.6,259.4,160.6,139.4};

los puntos de unién de la plataforma
const float beta[6] = {180.0,240.0,60.0,120.0,300.0,0.0};
los brazos de cada servo respecto del eje X

// Rotacion de

// Rotacidén de
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// r_b distancia del centro de la base a los puntos de unidén de la misma en m
// r_p distancia del centro de la plataforma a los puntos de unidn de la misma
en m

// h_© altura inicial de la plataforma en m

// 1_var longitud de las varillas en m

// 1 _brz longitud de los brazos de los servos en m

const float r_b = 104.89/1000, r_p = 90.545/1000, h_© = 85.112/1000, 1 var =
100.0/1000, 1 brz = 15.0/1000;

float Bx_b[6], By b[6], Bz_b[6]; // Vectores que almacenan las posiciones
X,Y,z de los puntos de unidn de la base
float Px_p[6], Py _p[6], Pz_p[6]; // Vectores que almacenan las posiciones

X,yY,z de los puntos de unién de la plataforma

// T[3] vector de traslacidén de la plataforma con respecto al origen de
coordenadas de la base

// R[3][3] matriz de rotacidon de la plataforma con respecto al origen de
coordenadas de la base

// Q[3][6] matriz que almacena las posiciones Xx,y,z de los puntos de union de
la plataforma en el sistema de coordenadas de la base

// L[3][6] matriz que almacena las posiciones Xx,y,z de los puntos de union de
los brazos de los servos

// longitud[6] vector que almacena la distancia relativa de cada punto de
union de la base a su respectivo punto de la plataforma

// a[6],b[6],c[6],d[6] vectores que almacenan valores utilizados en el calculo
del angulo de giro de cada servo

// ang[6] vector que almacena el angulo de giro de cada uno de los servos en
radianes

static float T[3], R[3][3], Q[3][6], L[3][6],
longitud[6],a[6],b[6],c[6],d[6],ang[6];

// Variables para almacenar la referencia de posicidn y giro deseada para la
plataforma

float posx,posy,posz,girox,giroy,giroz;

float posx_s,posy_s,posz_s,girox_s,giroy _s,giroz_s;
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// Funcidén de cdlculo de la cinematica inversa
void giroServos(float x,float y,float z,float alpha_grad,float
theta_grad,float psi_grad){

// Esta funcidn recibe los valores de las posiciones (en mm) y giros (en
grados) deseados para la

// plataforma en los ejes X,Y,Z y, mediante las ecuaciones de cinematica
inversa, obtiene los

// angulos de giro necesarios para cada servo y los envia

// Valores de x,y,z al vector de traslacion de la plataforma

T[@] = x/1000;
T[1] = y/1000;
T[2] = z/1000 + h_0;

// Conversién de angulos de referencia recibidos a radianes
float alpha alpha_grad*pi/180;

float theta = theta_grad*pi/180;

float psi = psi_grad*pi/180;

// Calculo de la matriz de rotacidén de la plataforma

R[O][9] cos(alpha)*cos(theta);

R[@][1] = -sin(alpha)*cos(psi)+cos(alpha)*sin(theta)*sin(psi);
R[O][2] = sin(alpha)*sin(psi)+cos(alpha)*sin(theta)*cos(psi);
R[1][@] = sin(alpha)*cos(theta);

R[1][1] = cos(alpha)*cos(psi)+sin(alpha)*sin(theta)*sin(psi);
R[1][2] = -cos(alpha)*sin(psi)+sin(alpha)*sin(theta)*cos(psi);
R[2][@] = -sin(theta);

R[2][1] = cos(theta)*sin(psi);

R[2][2] = cos(theta)*cos(psi);

// Calculo de la matriz Q
for (int j=0; j<=5; j++){

Q[e][3j] = T[e] + R[e][e]*Px_p[j] + R[@][1]*Py_p[J] + R[@][2]*Pz_p[]];
Q[1]1[3] = T[1] + R[1][e]*Px_p[j] + R[1][1]*Py_p[J] + R[1][2]*Pz_p[]];
Q[2][3] = T[2] + R[2][@]*Px_p[j] + R[2][1]*Py_p[3] + R[2][2]*Pz_p[]];

}

// Calculo de la matriz L
for (int j=0; j<=5; j++){

L[e][3] = Q[e][]] - Bx_b[j];
L[1]03] = Q[1][3] - By_b[3];
L[2][3] = Q[2][3] - Bz_b[3];

}
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// Calculo del vector longitud
for (int j=0; j<=5; j++){

longitud[j] = sqrt(pow(L[@][]],2) + pow(L[1][j],2) + pow(L[2][]],2));
}

// Obtencidn del angulo de giro de cada servo en radianes
for (int j=0; j<=5; j++){
a[j]l =2 * 1 brz * L[2][]];
b[j] 2 * 1 brz * (sin(beta[j]*pi/180)*L[1][]j] +
cos(beta[jl*pi/180)*L[0][F]);
c[j] = pow(longitud[j],2) - pow(l_var,2) + pow(l _brz,2);
d[j] = constrain(c[j]/sqrt(pow(al[j],2)+pow(b[j],2)), -1, 1);

ang[j] = constrain(asin(d[j]) - atan(b[j]/a[j]) ,ANG_MIN, ANG_MAX);
¥

// Conversién del angulo de giro a grados
angl = ang[@]*180/pi;
ang2 = ang[1]*180/pi;
ang3 = ang[2]*180/pi;
ang4 = ang[3]*180/pi;
ang5 = ang[4]*180/pi;
ang6 = ang[5]*180/pi;

// Envia a los servos el angulo deseado
setServo(SERV01,90-angl);
delay(td);
setServo(SERV02,90+ang2);
delay(td);
setServo(SERV03,90-ang3);
delay(td);
setServo(SERV04,90+ang4) ;
delay(td);
setServo(SERV05,90-ang5);
delay(td);
setServo(SERV06,90+ang6) ;
delay(tdl);
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// FUNCION DE ENVIO DE SENAL PWM A UN SERVO
void setServo(uint8_t n_servo, int angulo){

// Recibe el valor del angulo y el servo al que se desea enviar dicho
angulo

int pulsos; // Ancho de pulso que se envia
al servo

pulsos = map(angulo, ©, 180, pos@, posl89); // Calculo del ancho de pulso
en funcioén del angulo

servos.setPWM(n_servo, 0, pulsos); // Envia sefal PWM al servo
deseado

}

bool receiveFrame(float &datal, float &data2, float &data3, float &data4,
float &data5, float &data6) {
// Recibir y analizar el marco de datos

// Definir y leer el marcador de inicio del marco
uintlée_t startMarker;
if (Seriall.readBytes((char*)&startMarker, sizeof(startMarker)) !=
sizeof(startMarker) || startMarker != FRAME_START) {
// Si no se recibe correctamente el marcador de inicio o el marcador
de inicio no es correcto, descartar el marco actual
return false;

// Definir y leer el campo de longitud de datos
uintlée_t length;
if (Seriall.readBytes((char*)&length, sizeof(length)) != sizeof(length)) {
// Si no se recibe correctamente el campo de longitud de datos,
descartar el marco actual
return false;

// Comprobar si la longitud de los datos es correcta
if (length != sizeof(float) * 6) {
// Si la longitud de los datos no es correcta, descartar el marco
actual
return false;
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// Leer seis segmentos de datos de tipo float

if (Seriall.readBytes((char*)&datal, sizeof(datal)) != sizeof(datal) ||
Seriall.readBytes((char*)&data2, sizeof(data2)) != sizeof(data2) ||
Seriall.readBytes((char*)&data3, sizeof(data3)) != sizeof(data3) ||
Seriall.readBytes((char*)&data4, sizeof(datad)) != sizeof(datad) ||
Seriall.readBytes((char*)&data5, sizeof(data5)) != sizeof(data5) ||
Seriall.readBytes((char*)&data6, sizeof(data6)) != sizeof(data6)) {
// Si no se reciben correctamente todos los segmentos de datos,

descartar el marco actual

return false;

// Definir y leer el campo de checksum
uintl6_t receivedChecksum;
if (Seriall.readBytes((char*)&receivedChecksum,
sizeof(receivedChecksum)) != sizeof(receivedChecksum)) {
// Si no se recibe correctamente el campo de checksum, descartar el
marco actual
return false;

// Calcular el checksum de los segmentos de datos recibidos
uintl6_t checksum = computeChecksum(datal, data2, data3, data4, data5,
data6);
if (receivedChecksum != checksum) {
// Si el checksum no es correcto, descartar el marco actual

return false;

// Definir y leer el marcador de fin del marco
uintlé6_t endMarker;
if (Seriall.readBytes((char*)&endMarker, sizeof(endMarker)) !=
sizeof(endMarker) || endMarker != FRAME_END) {
// Si no se recibe correctamente el marcador de fin o el marcador de

fin no es correcto, descartar el marco actual
return false;

// Si todos los campos se reciben correctamente y se verifican con éxito,
el marco se recibe correctamente
return true;
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// Funcidén para calcular el checksum
uintlé_t computeChecksum(float datal, float data2, float data3, float data4,
float data5, float data6) {
uintl6_t checksum = 0;
uintlé_t *dataPtr = (uintlé6_t*)&datal;
for (int 1 = 0@; i < 6 * sizeof(float) / 2; ++i) {
checksum ~= dataPtr[i];

}

return checksum;

// Funcidn para limitar posiciones objetivos dentro del rango especificado
float saturate(float value, float min, float max) {
if (value < min) {
return min;
} else if (value > max) {
return max;

}

return value;

void setup() {
pinMode(LED_BUILTIN, OUTPUT); // LED para puerto Seriall

servos.begin(); // Inicializacidén del objeto servos

servos.setPWMFreq(50); // Frecuencia PWM: 50 Hz

Serial.begin(115200); // Inicializacioén del puerto serie para
depuracion del coédigo

Seriall.begin(9600); // Inicializacioén del puerto serie para

conmunicacién con otro Arduino

// Calculo de posiciones x,y de las uniones de base y plataforma
for (int j=0; j<=5; j++){
Bx_b[j]=r_b*cos(angBase[]j]*pi/180);
By _b[j]=r_b*sin(angBase[j]*pi/180);
Px_p[j]=r_p*cos(angPlat[j]*pi/180);
Py _p[jl=r_p*sin(angPlat[j]*pi/180);
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// Servos a posicidén inicial (Se considera una rotacidén de 90 grados como
posicién inicial de todos los servos)

setServo(SERV01,90);

delay(tdl);

setServo(SERV02,90);

delay(tdl);

setServo(SERV03,90);

delay(tdl);

setServo(SERV04,90);

delay(tdl);

setServo(SERV05,90);

delay(tdl);

setServo(SERV06,90);

delay(1000);

// BUCLE INFINITO
void loop() {
// Declaracidén de variables para almacenar los datos recibidos
float receivedPosx, receivedPosy, receivedPosz, receivedGirox,
receivedGiroy, receivedGiroz;

// Intentar recibir una trama de datos
if (receiveFrame(receivedPosx, receivedPosy, receivedPosz, receivedGirox,
receivedGiroy, receivedGiroz)) {
// Si la trama se recibe correctamente, asignar los datos recibidos a
las variables correspondientes

posx = receivedPosx;
posy = receivedPosy;
posz = receivedPosz;
girox = receivedGirox;
giroy = receivedGiroy;
giroz = receivedGiroz;

// Aplicar la saturacidén a los datos recibidos para mantenerlos dentro
de los rangos permitidos

posx_s = saturate(posx, -25.0, 25.0);

posy_s = saturate(posy, -25.0, 25.0);

posz_s = saturate(posz, -25.0, 25.0);

girox_s = saturate(girox, -10.0, 10.90);

giroy_s = saturate(giroy, -10.0, 10.0);

giroz_s = saturate(giroz, -25.0, 25.0);
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Serial.

Serial.

Serial.

Serial.

Serial.

Serial.

// Imprimir los valores originales y saturados en el puerto serie para
depuracion

Serial.print("posx:
println(posx_s);

Serial.print("posy:
println(posy_s);

Serial.print("posz:
println(posz_s);

Serial.print("girox:

println(girox_s);

Serial.print("giroy:

println(giroy_s);

Serial.print("giroz:

println(giroz_s);
Serial.print("\n");

"); Serial.print(posx); Serial.print(" --> ");
"); Serial.print(posy); Serial.print(" --> ");
"), Serial.print(posz); Serial.print(" --> ");
"), Serial.print(girox); Serial.print(" --> ");
"); Serial.print(giroy); Serial.print(" --> ");

"); Serial.print(giroz); Serial.print(" --> ");

// Girar Servos con los valores saturados
giroServos(posx_s, posy_ s, posz_s, -giroz_s, -giroy s, girox_s);
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1 Materiales

El presupuesto para los materiales utilizados en este proyecto se divide en:

- Materiales comprados a un proveedor externo

- Materiales utilizados en la fabricacion de piezas

- Coste de fabricacion de piezas

1.1COMPRA DE MATERIALES

Los precios de los componentes que se muestran a continuacion pueden variar en funcion del

proveedor elegido.

Descripcion Coste unitario Cantidad Coste total
(unidades)
(€/ud) (€)

Potenciometro B10K 2,00 6 12,00
Placa Esp32-WROOM-32 25,99 1 25,99
Varilla roscada M3 x 100 0,15 6 0,90
Rétula 2,5 x 27 x M3 1,41 12 16,92
Perno M3 x 10 0,05 48 2,40
Cable de conexién 0,10 8 0,80
Carcasa porta pilas AAx 4 2,50 1 2,50
Pila AA 1,5V 0,75 4 3,00
TOTAL 64,51
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1.2MATERIALES PARA FABRICACION

El coste de los materiales utilizados para la fabricacion de piezas se ha calculado en funcion del
peso. El precio del material utilizado puede variar en funcion del proveedor elegido.

Descripcién Coste unitario Cantidad  coste total
(€/g) (&) (€)
Plataforma 0,01 250 2,44
Base 0,01 300 2,92
Soporte para potencidmetros 0,04 52 2,08
Brazos para potenciémetros 0.03 31 0.93
TOTAL 8,37

1.3COSTE DE FABRICACION

El coste de fabricacion de las piezas se ha calculado en funcién del tiempo de utilizacion de las

maquinas. Se ha estimado un precio de 3.5 €/hora para la cortadora lasery de 5 €/hora para la
impresora 3D.

Descripcién Coste unitario Cantidad  Coste total
(€/h) (h) (€)
Plataforma 3,50 0,5 1,75
Base 3,50 0,2 0,70
Soporte para el servomotor 5,00 5 25,00
Brazos para potenciometros 5,00 5 25,00
TOTAL 52.45
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2 Mano de obra

El coste de la mano de obra se ha calculado en funcion del tiempo aproximado invertido en las

diferentes tareas del proyecto, estimando un salario de aproximadamente 25 €/hora.

Descripcién Coste unitario Cantidad  coste total
(€/h) (h) (€)
Disefio 25,00 30 750,00
Simulacion 25,00 30 750,00
Programacion 25,00 20 500,00
Montaje 25,00 5 125,00
Pruebas 25,00 10 250,00
TOTAL 2375,00
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3 Presupuesto total

El presupuesto final del proyecto asciende a una cantidad de 2500,33 € (no se han tenido en

cuenta precios de licencias de software ya que se han utilizado siempre licencias educacionales

gratuitas).

Descripcion Coste total
(€)
Comprados 64,51
Materiales Para fabricacién 8,37
Maquinas 52,45
Manodeobra 2375,00
TOTAL 2500,33
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1 Pliego de condiciones generales

1.10BJETIVO

El objeto de este documento es recoger las especificaciones técnicas y legales que se han de
seguir a la hora de llevar a cabo la ejecucién del proyecto “DISENO, SIMULACION E
IMPLEMENTACION DE UN JOYSTICK DE 6 GDL BASADO EN LA PLATAFORMA
STEWART”.

El cumplimiento de lo recogido en este documento es obligatorio para todos los agentes
involucrados en la fabricacion y montaje del joystick. Si en dicho proceso se realiza cualquier

cambio no autorizado no seré posible garantizar un correcto funcionamiento de la maquina.

1.2DOCUMENTOS DEL PROYECTO

El presente proyecto esta constituido por los siguientes documentos:

- Documento 1: Memoria
- Documento 2: Anexos

- Documento 3: Planos

Documento 4: Presupuesto
- Documento 5: Pliego de condiciones

Todos los documentos que integran el proyecto son compatibles entre si, ademas de
complementarse los unos a los otros. En caso de existir contradicciones, se establece un
orden de prioridad entre los documentos, siendo los Planos el documento
principal, seguido del Pliego de condiciones, la Memoria, el Presupuesto y los

AnNexos.
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2 Pliego de condiciones técnicas

A continuacién, se detallan las condiciones técnicas que se deben seguir para llevar a cabo la
ejecucion del presente proyecto, asi como las condiciones que deben cumplir los materiales y
herramientas utilizados. Todas las tareas realizadas y todos los materiales utilizados deben

cumplir con la normativa vigente.

2.1ESPECIFICACIONES GENERALES

Los documentos que integran este proyecto retinen los datos necesarios para llevar a cabo las
tareas de las que se compone. Estas tareas son: Disefio del prototipo, Simulacién, Seleccion y
compra de componentes, Fabricacion de piezas, Montaje del prototipo, Programacion del

microcontrolador, Depuracién y pruebas.

Cualquier cambio o modificacion en los célculos o en los procedimientos descritos sin

autorizacion significara la pérdida de garantia de un correcto funcionamiento del Joystick.

2.2DESCRIPCION DE LOS MATERIALES

Todos los materiales utilizados deben cumplir con los requerimientos técnicos especificados en
el proyecto. En el caso de ser necesaria la sustitucion de algin material esta debe ser
previamente autorizada, siendo las caracteristicas técnicas del material sustitutivo idénticas o

en su defecto superiores.
1.Filamento de impresion Z-Hips

El Z-Hips es un polimero termoplastico con una gran resistencia al impacto que se adapta

facilmente a los retoques y puede ser lijado, pintado y encolado.

Las especificaciones técnicas para este filamento son las siguientes:
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Fuerza de tension: 16.9 MPa

Rotura por estrés: 13.02 MPa

Elongacion en tension maxima: 1.87 %

Elongacion de rotura: 7.75 %
- Dureza Shore (D): 73.2

Los parametros de impresion son los siguientes:

- Altura de capa: 0.14 mm
- Diametro de boquilla: 0.4 mm

- Relleno: 30 %

2. Metacrilato

El metacrilato es un material plastico transparente, de alta resistencia al impacto, resistente a la

intemperie, aislante térmico y acustico, duro, ligero, y de facil moldeo mecanizado.
Las especificaciones técnicas para este material son las siguientes:

- Densidad: 1.18 g/cm3
- Punto de fusion: 160 °C

- Grosor de las placas: 5y 10 mm

3. Esp32 WROOM-32

El ESP32 WROOM-32 es un mddulo altamente integrado que utiliza el chip ESP32, disefiado
por Espressif. Es ampliamente utilizado en proyectos de Internet de las Cosas (10T) debido a su

alta capacidad de procesamiento, conectividad y multiples opciones de entrada/salida.
A continuacion se presenta una descripcion de sus caracteristicas y especificaciones técnicas:

- Microcontrolador: Tensilica Xtensa LX6 de 32 bits (dual core)
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- Frecuencia de CPU: Hasta 240 MHz
- Memoria Flash: 4 MB (existen variantes con diferentes capacidades de memoria)
- Memoria RAM: 520 KB SRAM

Conectividad:

- Wi-Fi: 802.11 b/g/n, soporte para modo AP, modo cliente y modo AP+cliente
- Bluetooth: BLE (Bluetooth Low Energy) y Bluetooth Classic

Entradas/Salidas:

- Numero de pines GPIO: 34 pines (16 pueden ser utilizados como sefiales PWM)
- Entradas analdgicas: 18 canales de ADC de 12 bits
- Salidas analdgicas: 2 canales de DAC de 8 bits

Alimentacion:

- Tension de alimentacion: 5V (usualmente a través del puerto USB) o0 3.3V
- Voltaje de operacion: 3.3V
- Corriente de salida en lineas 1/0: Hasta 40 mA por pin GP1O

- Corriente de salida para el pin 3.3V: Hasta 500 mA

4. Potenciometro B10K

Un potenciometro B10K es un dispositivo resistivo ajustable que permite variar la resistencia
en un circuito. Es comdnmente utilizado para ajustes de volumen en audio, control de brillo en
luces y otras aplicaciones donde se necesite un control manual de la resistencia. A continuacién

se detallan las especificaciones técnicas de un potencidmetro B10K tipico:
Especificaciones generales

- Tipo de resistencia: Lineal (B)

- Valor nominal de resistencia: 10 k€ (10,000 ohmios)
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- Tolerancia: £10% (puede variar segun el fabricante)
- Potencia maxima: Generalmente 0.2W a 0.5W (200 mW a 500 mW)
- Voltaje maximo: Dependiendo de la potenciay resistencia, generalmente entre 50V a 200V

Parametros eléctricos

- Resistencia rotacional: Aproximadamente 20 a 50 ohmios (depende del disefio especifico)
- Vida util: Alrededor de 10,000 a 50,000 ciclos de operacion

- Temperatura de operacion: -10°C a +70°C

2.3 DESCRIPCION DEL PROTOTIPO

El prototipo final debe constar de todas las piezas y componentes necesarios para el
funcionamiento del joystick. Debe comprobarse que estan incluidos todos los componentes que

se detallan a continuacion:

- 1 plataforma

- 1base

- 6 soportes para potenciometros
- 6 brazos para potenciémetros

- 6 varillas roscadas M3 x 100

- 12r6tulas 2.5 x 27 x M3

- 6 potencidometros B10K

- 48 pernos M3 x 10

- 1 placa Esp32 WROOM-32

- 20 cables de conexion

- 1 carcasa porta pilaspara 4 pilas AA

- 4pilasAAdel5V
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2.4CONDICIONES DE USO

AVISO:  Leer completamente este  pliego

de condiciones y seguir las recomendaciones dadas

para una correcta utilizacion del prototipo. Todo
' dafio causado al joystick o a cualquiera de sus
® componentes derivado de un uso inadecuado sera
responsabilidad del usuario.

1. Recomendaciones generales

1- Este joystick puede ser utilizado por menores de edad o personas con capacidades fisicas
0 sensoriales reducidas o con falta de experiencia o conocimiento siemprey cuando
se encuentren bajo la supervisién de una persona responsable y siempre que hayan recibido

instrucciones adecuadas para el uso seguro de la misma.

2- Este joystick se ha concebido Unicamente para uso doméstico y/o docente, y queda por tanto
fuera de las condiciones de este proyecto su utilizacion en cualquier ambito comercial o

profesional.

2. Recomendaciones antes del uso
1- Antes de conectar el joystick, asegurarse de que se encuentra en un entorno bien iluminado,
limpio y seco, y de que ninguno de sus componentes se encuentra mojado.

2- Asegurarse de tener las manos bien secas para evitar mojar algin componente al manipularlo.

3- Comprobar que todos los componentes electronicos, pines y cables de
conexion no se  encuentran  deteriorados. En caso de observar algin
componente averiado o en mal estado se debe avisar a la persona responsable y consultar con

un técnico.
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4-  Comprobar que la bateria las pilas se encuentran en buen estado y cargadas. De no ser asi,

cargar la bateria o sustituir las pilas por otras nuevas de las mismas caracteristicas.

3. Recomendaciones durante el uso

1-  No utilizar nunca cercade chimeneas, estufas cualquier otra fuente de calor. La temperatura
de uso recomendadas sitta entre 5°Cy 35°C. En condiciones de temperatura extremadamente

altas o bajas los componentes electronicos podrian no funcionar adecuadamente o deteriorarse.

2- Colocar la plataforma en una superficie plana. Si esta se utiliza en
una superficie inadecuada podria caerse causando un posible dafio fisico a la persona que la

este utilizando o una averia en la propia maquina.
3- No utilizar cerca de objetos o sustancias que puedan caer sobre el joystick
0 sus componentes causando dafios o averias.

4- No situar encima del joystick objetos o sustancias que puedan caer sobre ella o sus

componentes causando dafios o averias

5- No transportar el joystick de una superficie a otra mientras se encuentre conectada y

funcionando.

6- No tocarlos cables ni los componentes electronicos mientras el joystick se encuentre en

funcionamiento o conectada a una fuente de tension.

7-  Si durante la utilizacion del joystick esta sufre alguna averia o deja de funcionar
adecuadamente, desconectar la bateria las pilas, avisara la persona responsable y consultar con

un técnico.

8- Cuando se haya terminado de utilizar el joystick, desconectar la bateria y las pilas para

evitar que estas se consuman de forma innecesaria.

4. Desconexion
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Desconectar el joystick siempre que se haya terminado su utilizacion, o si durante el
funcionamiento esta muestra un comportamiento inestable o deja de funcionar, o si se
observa algun desperfecto o averia en la plataforma o en cualquiera de los

componentes.
Para desconectar el joystick completamente:

1- Desconectar las pilas. Para ello, colocar en posicion “OFF” el interruptor que se encuentra

sobre la superficie de la carcasa porta pilas.

2- Desenchufar la bateria externa del Arduino. Para ello, tirar suavemente de la clavija, no del

cable, hasta que esta quede totalmente desconectada.

5. Carga de la bacteria

La temperatura ambiental recomendada para la carga de la bateria se sitda entre los 5°C y los
35°C. En condiciones de temperatura extremadamente bajas o altas la bateria podria no cargarse,

0 no hacerlo adecuadamente.

Enchufar la bateria al cargador a través del cable de alimentacion, y este a una toma de corriente

domeéstica para iniciar el proceso de carga.

El cargador dispone de un led que muestra el estado de la bateria. La luz del led sera de color
rojo cuando la bateria se esté cargando. La luz sera de color verde cuando la bateria esté

completamente cargada.

No desconectar la bateria de la toma de corriente hasta que esta se encuentre completamente

cargada.

6. Cambio de las pilas

Las pilas incluidas no son recargables, por lo que, en caso de descarga, estas deben ser

sustituidas por otras nuevas de las mismas caracteristicas.
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Para realizar la sustitucion de las pilas no es necesario desconectar los cables de la carcasa porta
pilas de los bornes del controlador. No obstante, manipular con cuidado de no dafar estos cables
y asegurarse de que el interruptor de la carcasa se encuentra en posicion “OFF” antes de realizar

el cambio.

Para realizar la sustitucion de las pilas, es necesario extraer el tornillo que cierra la tapa de la
carcasa porta pilas con la ayuda de un destornillador de estrella. Una vez extraido el tornillo,
quitar la tapa y sacar las pilas, colocando en su lugar las pilas nuevas en la posicion adecuada.
Esta posicion se especifica en el propio hueco disponible para las pilas. Introducidas las nuevas

pilas, cerrar la tapa y volver a enroscar el tornillo en su sitio.

7. Eliminacion de desechos

(Residuos de aparatos eléctricos y electronicos)

(Aplicable en la Unién Europea y en paises europeos con sistemas

) recogida selectiva de residuos)

No tirar este producto ni ninguno de sus accesorios electronicos (cargador, cables, pilas, etc.)
al final de su vida util la basura o junto con otros residuos domésticos. Para evitar los posibles
dafos al medio ambiente o a la salud humana, separar estos desechos de otro tipo de articulos

y reciclarlos correctamente en los puntos habilitados para ello.
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Grado de relacion del trabajo con los Objetivos de

Desarrollo Sostenible (ODS).

Objetivosde Desarrollo Sostenibles Alto Medio Bajo Prc:: de

ODS 1. Finde la pobreza. X
ODS 2. Hambre cero. X
ODS 3. Saludy bienestar. X
ODS 4. Educacién de calidad. X

ODS 5. lgualdad degénero. X
ODS 6. Agua limpia y saneamiento. X
ODS 7. Energia asequible y no contaminante. X
ODS 8. Trabajo decentey crecimiento econémico. X
ODS 9. Industria, innovacidne infraestructuras. X

ODS 10. Reduccion de las desigualdades. X
ODS 11. Ciudades y comunidades sostenibles. X
ODS 12. Produccion y consumo responsables. X
ODS 13. Accidn por el clima. X
ODS 14. Vida submarina. X
ODS 15. Vida de ecosistemas terrestres. X
ODS 16. Pagz, justicia e instituciones sdlidas. X
ODS 17. Alianzas para lograr objetivos. X

Descripcion de la alineacion del TFG/TFM con los ODS con un grado de relaciéon mas alto.

Mediante el uso del joystick de seis grados de libertad, los estudiantes pueden experimentar y
observar directamente los movimientos complejos de los mecanismos paralelos. Este tipo de
aprendizaje intuitivo es mas efectivo que la mera explicacion tedrica para ayudar a los
estudiantes a entender los principios del movimiento.
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