
Anexo 1: Programa del comando drivebot 

function drivebot(a,b) 
    bgcol = [135 206 250]/255; 

  
    if isstr(a) 
        % drivebot(name, j), graphical callback function 
        name = a; j = b; 
        rh = findobj('Tag', name); 
        handles = get(gco, 'Userdata'); 
        scale = handles{3}; 
        for r=rh', 
            rr = get(r, 'UserData'); 
            q = rr.q; 
            if isempty(q), 
                q = zeros(1,rr.n); 
            end 
            if gco == handles{1}, 
                % get value from slider 
                q(j) = get(gco, 'Value') / scale(j); 
                set(handles{2}, 'String', num2str(scale(j)*q(j))); 
            else 
                % get value from text box 
                q(j) = str2num(get(gco, 'String')) / scale(j); 
                set(handles{1}, 'Value', q(j)); 
            end 
            rr.q = q; 
            set(r, 'UserData', rr); 
        end 
        plot(rr, q) 
        t6 = fkine(rr, q); 
        h3 = get(findobj('Tag', 'T6'), 'UserData'); 
        for i=1:3, 
            set(h3(i,1), 'String', sprintf('%.3f', t6(i,4))); 
            set(h3(i,2), 'String', sprintf('%.3f', t6(i,3))); 
        end 
    else 
        % drivebot(r, q) 
        r = a; 
        scale = ones(r.n,1); 

  
        n = r.n; 
        width = 300; 
        height = 40; 
        minVal = -pi; 
        maxVal = pi;     

  
        qlim = r.qlim; 
        if isempty(qlim), 
            qlim = [minVal*ones(r.n,1) maxVal*ones(r.n,1)]; 
        end 

  
        if nargin < 2, 
            q = zeros(1,n); 
        else 
            if isstr(b), 



                if strncmp(b, 'deg', 3), 
                    disp('** in degree mode') 
                    L = r.link; 
                    for i=1:r.n, 
                        if L{i}.sigma == 0, 
                            scale(i) = 180/pi; 
                        end 
                    end 
                end 
            else 
                q = b; 
            end 
        end 
        t6 = fkine(r, q); 
        fig = figure('Units', 'pixels', ... 
            'Position', [0 -height width height*(n+2)], ... 
            'Color', bgcol); 
        set(fig,'MenuBar','none') 
        delete( get(fig, 'Children') ) 

  
        % first we check to see if there are any graphical robots of 
        % this name, if so we use them, otherwise create a robot plot. 

  
        rh = findobj('Tag', r.name); 

  
        % attempt to get current joint config of graphical robot 
        if ~isempty(rh), 
            rr = get(rh(1), 'UserData'); 
            if ~isempty(rr.q), 
                q = rr.q; 
            end 
        end 

  

  
        % now make the sliders 
        for i=1:n, 
            uicontrol(fig, 'Style', 'text', ... 
                'Units', 'pixels', ... 
                'BackgroundColor', bgcol, ... 
                'Position', [0 height*(n-i) width*0.1 height*0.4], ... 
                'String', sprintf('q%d', i)); 

  
            h(i) = uicontrol(fig, 'Style', 'slider', ... 
                'Units', 'pixels', ... 
                'Position', [width*0.1 height*(n-i) width*0.7 

height*0.4], ... 
                'Min', scale(i)*qlim(i,1), ... 
                'Max', scale(i)*qlim(i,2), ... 
                'Value', scale(i)*q(i), ... 
                'Tag', sprintf('Slider%d', i), ... 
                'Callback', ['drivebot(''' r.name ''',' num2str(i) ')']); 

  
            h2(i) = uicontrol(fig, 'Style', 'edit', ... 
                'Units', 'pixels', ... 
                'Position', [width*0.8 height*(n-i) width*0.2 

height*0.4], ... 



                'String', num2str(scale(i)*q(i)), ... 
                'Tag', sprintf('Edit%d', i), ... 
                'Callback', ['drivebot(''' r.name ''',' num2str(i) ')']); 

  
            % hang handles off the slider and edit objects 
            handles = {h(i) h2(i) scale}; 
            set(h(i), 'Userdata', handles); 
            set(h2(i), 'Userdata', handles); 
        end 

  
        uicontrol(fig, 'Style', 'text', ... 
            'Units', 'pixels', ... 
            'FontSize', 20, ... 
            'HorizontalAlignment', 'left', ... 
            'Position', [0 height*(n+1) 0.8*width height], ... 
            'BackgroundColor', 'white', ... 
            'String', r.name); 

  
        % X 
        uicontrol(fig, 'Style', 'text', ... 
            'Units', 'pixels', ... 
            'BackgroundColor', bgcol, ... 
            'Position', [0 height*(n+0.5) 0.06*width height/2], ... 
            'BackgroundColor', 'yellow', ... 
            'FontSize', 10, ... 
            'HorizontalAlignment', 'left', ... 
            'String', 'x:'); 

  
        h3(1,1) = uicontrol(fig, 'Style', 'edit', ... 
            'Units', 'pixels', ... 
            'Position', [0.06*width height*(n+0.5) width*0.2 height/2], 

... 
            'String', sprintf('%.3f', t6(1,4)), ... 
            'Tag', 'T6'); 

  
        % Y 
        uicontrol(fig, 'Style', 'text', ... 
            'Units', 'pixels', ... 
            'BackgroundColor', bgcol, ... 
            'Position', [0.26*width height*(n+0.5) 0.06*width height/2], 

... 
            'BackgroundColor', 'yellow', ... 
            'FontSize', 10, ... 
            'HorizontalAlignment', 'left', ... 
            'String', 'y:'); 

  
        h3(2,1) = uicontrol(fig, 'Style', 'edit', ... 
            'Units', 'pixels', ... 
            'Position', [0.32*width height*(n+0.5) width*0.2 height/2], 

... 
            'String', sprintf('%.3f', t6(2,4))); 

  
        % Z 
        uicontrol(fig, 'Style', 'text', ... 
            'Units', 'pixels', ... 
            'BackgroundColor', bgcol, ... 



            'Position', [0.52*width height*(n+0.5) 0.06*width height/2], 

... 
            'BackgroundColor', 'yellow', ... 
            'FontSize', 10, ... 
            'HorizontalAlignment', 'left', ... 
            'String', 'z:'); 

  
        h3(3,1) = uicontrol(fig, 'Style', 'edit', ... 
            'Units', 'pixels', ... 
            'Position', [0.58*width height*(n+0.5) width*0.2 height/2], 

... 
            'String', sprintf('%.3f', t6(3,4))); 

  
        % AX 
        uicontrol(fig, 'Style', 'text', ... 
            'Units', 'pixels', ... 
            'BackgroundColor', bgcol, ... 
            'Position', [0 height*(n) 0.06*width height/2], ... 
            'BackgroundColor', 'yellow', ... 
            'FontSize', 10, ... 
            'HorizontalAlignment', 'left', ... 
            'String', 'ax:'); 

  
        h3(1,2) = uicontrol(fig, 'Style', 'edit', ... 
            'Units', 'pixels', ... 
            'Position', [0.06*width height*(n) width*0.2 height/2], ... 
            'String', sprintf('%.3f', t6(1,3))); 

  
        % AY 
        uicontrol(fig, 'Style', 'text', ... 
            'Units', 'pixels', ... 
            'BackgroundColor', bgcol, ... 
            'Position', [0.26*width height*(n) 0.06*width height/2], ... 
            'BackgroundColor', 'yellow', ... 
            'FontSize', 10, ... 
            'HorizontalAlignment', 'left', ... 
            'String', 'ay:'); 

  
        h3(2,2) = uicontrol(fig, 'Style', 'edit', ... 
            'Units', 'pixels', ... 
            'Position', [0.32*width height*(n) width*0.2 height/2], ... 
            'String', sprintf('%.3f', t6(2,3))); 

  
        % AZ 
        uicontrol(fig, 'Style', 'text', ... 
            'Units', 'pixels', ... 
            'BackgroundColor', bgcol, ... 
            'Position', [0.52*width height*(n) 0.06*width height/2], ... 
            'BackgroundColor', 'yellow', ... 
            'FontSize', 10, ... 
            'HorizontalAlignment', 'left', ... 
            'String', 'az:'); 

  
        h3(3,2) = uicontrol(fig, 'Style', 'edit', ... 
            'Units', 'pixels', ... 
            'Position', [0.58*width height*(n) width*0.2 height/2], ... 



            'String', sprintf('%.3f', t6(3,3))); 

  

  
        set(h3(1,1), 'Userdata', h3); 
        uicontrol(fig, 'Style', 'pushbutton', ... 
            'Units', 'pixels', ... 
            'FontSize', 16, ... 
            'Position', [0.8*width height*n 0.2*width 2*height], ... 
            'CallBack', 'delete(gcf)', ... 
            'BackgroundColor', 'red', ... 
            'String', 'Quit'); 

  

  
        if isempty(rh), 
            figure 
            plot(r, q); 
        end 
    end 

 

 



ANEXO 2: Programa del comando fkine 

function t = fkine(robot, q) 
    % 
    % evaluate fkine for each point on a trajectory of  
    % theta_i or q_i data 
    % 

  
    n = robot.n; 

  
    L = robot.link; 
    if length(q) == n, 
        t = robot.base; 
        for i=1:n, 
            t = t * L{i}(q(i)); 
        end 
        t = t * robot.tool; 
    else 
        if numcols(q) ~= n, 
            error('bad data') 
        end 
        t = zeros(4,4,0); 
        for qv=q',      % for each trajectory point 
            tt = robot.base; 
            for i=1:n, 
                tt = tt * L{i}(qv(i)); 
            end 
            t = cat(3, t, tt * robot.tool); 
        end 
    end 

 

 



ANEXO 3: Programa del comando ikine 

function qt = ikine(robot, tr, q, m) 
    % 
    %  solution control parameters 
    % 
    ilimit = 1000; 
    stol = 1e-12; 

  
    n = robot.n; 

  
    if nargin == 2, 
        q = zeros(n, 1); 
    else 
        q = q(:); 
    end 
    if nargin == 4, 
        m = m(:); 
        if length(m) ~= 6, 
            error('Mask matrix should have 6 elements'); 
        end 
        if length(find(m)) ~= robot.n  
            error('Mask matrix must have same number of 1s as robot DOF') 
        end 
    else 
        if n < 6, 
            disp('For a manipulator with fewer than 6DOF a mask matrix 

argument should be specified'); 
        end 
        m = ones(6, 1); 
    end 

         

  
    tcount = 0; 
    if ishomog(tr),     % single xform case 
        nm = 1; 
        count = 0; 
        while nm > stol, 
            e = tr2diff(fkine(robot, q'), tr) .* m; 
            dq = pinv( jacob0(robot, q) ) * e; 
            q = q + dq; 
            nm = norm(dq); 
            count = count+1; 
            if count > ilimit, 
                error('Solution wouldn''t converge') 
            end 
        end 
        qt = q'; 
    else            % trajectory case 
        np = size(tr,3); 
        qt = []; 
        for i=1:np 
            nm = 1; 
            T = tr(:,:,i); 
            count = 0; 
            while nm > stol, 



                e = tr2diff(fkine(robot, q'), T) .* m; 
                dq = pinv( jacob0(robot, q) ) * e; 
                q = q + dq; 
                nm = norm(dq); 
                count = count+1; 
                if count > ilimit, 
                    fprintf('i=%d, nm=%f\n', i, nm); 
                    error('Solution wouldn''t converge') 
                end 
            end 
            qt = [qt; q']; 
            tcount = tcount + count; 
        end 
    end 

 

 



ANEXO 4: Programa del comando fdyn 

function [t, q, qd] = fdyn(robot, t0, t1, torqfun, q0, qd0, varargin) 

  
    % check the Matlab version, since ode45 syntax has changed 
    v = ver; 
    if str2num(v(1).Version)<6, 
        %error('fdyn now requires Matlab version >= 6'); 
    end 

  
    n = robot.n; 
    if nargin == 3, 
        torqfun = 0; 
        x0 = zeros(2*n,1); 
    elseif nargin == 4, 
        x0 = zeros(2*n, 1); 
    elseif nargin >= 6, 
        x0 = [q0(:); qd0(:)]; 
    end 

         
    [t,y] = ode45('fdyn2', [t0 t1], x0, [], robot, torqfun, varargin{:}); 
    q = y(:,1:n); 
    qd = y(:,n+1:2*n); 

 

Este programa hace uso del programa fdyn2 cuyo contenido es: 
 
function xd = fdyn2(t, x, flag, robot, torqfun, varargin) 

  
    n = robot.n; 

  
    q = x(1:n); 
    qd = x(n+1:2*n); 

  
    % evaluate the torque function if one is given 
    if isstr(torqfun) 
        tau = feval(torqfun, t, q, qd, varargin{:}); 
    else 
        tau = zeros(n,1); 
    end 

     
    qdd = accel(robot, x(1:n,1), x(n+1:2*n,1), tau); 
    xd = [x(n+1:2*n,1); qdd]; 

 

 



ANEXO 5: Programa dind.m 

DefWimajo % carga los parámetros de nuestro robot Wimajo 

  
t = [0:0.056:5]'; % vector de tiempo 
q_dmd = jtraj(qz, qr,t); % crea una trayectoria de puntos interpolados 
qt = [t q_dmd]; % crea tabla de tiempos, puntos de paso 
Pgain = [20 100 20 5 5]; % fija ganancia proporcional del controlador PD 
Dgain = [-5 -10 -2 0 0]; % fija ganancia derivativa del controlador PD 
[tsim,q,qd] = fdyn(Wimajo, 0, 5, 'taufunc1', qz, qz, Pgain, Dgain, qt); 

 



ANEXO 6: Función  taufunc1 

function tau = taufunc1(t, q, qd, Pgain, Dgain, qt) 
% interpolate demanded angles for this time 
if t > qt(end,1), % keep time in range 
t = qt(end,1); 
end 
q_dmd = interp1(qt(:,1), qt(:,2), t)'; 
% compute error and joint torque 
e = q_dmd - q; 
tau = diag(Pgain)*e + diag(Dgain)*qd; 

 



ANEXO 7: Tabla parcial de valores [tsim,q,qd], 

>> [tsim q qd] 

ans = 

           0             0            0             0              0            0              0             0            0           0           0 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0000    0.0001  -0.0000   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0001    0.0001  -0.0000   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0001    0.0002   -0.0000   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0001    0.0002   -0.0000   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0003    0.0005    -0.0001   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0005    0.0007    -0.0002   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0006    0.0010    -0.0002   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0008    0.0012    -0.0003   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0016    0.0025   -0.0006   -0.0000 

    0.0000    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0024    0.0037   -0.0008   -0.0000 

    0.0001    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0032    0.0049  -0.0011   -0.0000 

    0.0001    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0040    0.0062    -0.0014   -0.0000 

    0.0001    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0081    0.0122   -0.0028   -0.0000 

    0.0002    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0120    0.0181   -0.0041   -0.0000 

    0.0003    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0159    0.0239   -0.0053   -0.0000 

    0.0004    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0198    0.0296  -0.0066   -0.0000 

    0.0007    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0383    0.0559  -0.0120   -0.0000 

    0.0011    0.0000   -0.0000    0.0000   -0.0000   -0.0000    0.0000   -0.0555    0.0792   -0.0164   -0.0000 

    0.0014    0.0000   -0.0001    0.0001   -0.0000   -0.0000    0.0000   -0.0715    0.0996  -0.0198   -0.0000 

    0.0018    0.0000   -0.0001    0.0001   -0.0000   -0.0000    0.0000   -0.0865    0.1175  -0.0224   -0.0000 

    0.0023    0.0000   -0.0001    0.0002   -0.0000   -0.0000    0.0000   -0.1086    0.1414  -0.0248   -0.0000 

    0.0029    0.0000   -0.0002    0.0003   -0.0001   -0.0000    0.0000   -0.1284    0.1601  -0.0255   -0.0000 

    0.0035    0.0000   -0.0003    0.0004   -0.0001   -0.0000    0.0000   -0.1464    0.1743 -0.0245   -0.0000 

    0.0040    0.0000   -0.0004    0.0005   -0.0001   -0.0000    0.0000   -0.1628    0.1845   -0.0222   -0.0000 

    0.0046    0.0000   -0.0005    0.0006   -0.0001   -0.0000    0.0000   -0.1785    0.1917  -0.0184   -0.0000 

    0.0052    0.0000   -0.0006    0.0007   -0.0001   -0.0000    0.0000   -0.1928    0.1956   -0.0134   -0.0000 

    0.0058    0.0000   -0.0007    0.0008   -0.0001   -0.0000    0.0000   -0.2060    0.1968  -0.0074   -0.0000 



    0.0064    0.0000   -0.0008    0.0009   -0.0001   -0.0000    0.0000   -0.2182    0.1955   -0.0006   -0.0000 

    0.0071    0.0000   -0.0010    0.0011   -0.0001   -0.0000    0.0000   -0.2306    0.1917     0.0080   -0.0000 

. 

. 

. 

    4.9861    0.0000   -0.2600   -0.3540    0.6695   -0.0000   -0.0000    0.0774    0.0211  -0.0666    0.0000 

    4.9896    0.0000   -0.2598   -0.3539    0.6693   -0.0000   -0.0000    0.0791    0.0303  -0.0091    0.0000 

    4.9931    0.0000   -0.2595   -0.3537    0.6694   -0.0000   -0.0000    0.0806    0.0394   0.0484    0.0000 

    4.9965    0.0000   -0.2592   -0.3536    0.6697   -0.0000   -0.0000    0.0821    0.0482    0.1058    0.0000 

    5.0000    0.0000   -0.2589   -0.3534    0.6701   -0.0000   -0.0000    0.0835    0.0568    0.1631    0.0000 

 



ANEXO 8: Programa kitrajdyn.m 

%invoca a un robot 
wymajo; 
%kinematics 
T=fkine(p560,qz); 
qi=ikine(p560,T); 

  
D=[.1 .2 0 -.2 .1 .1]'; 
diff2tr(D) 

  
%T=transl(100, 200, 300)*roty(pi/8)*rotz(-pi/4); 
DT=tr2jac(T)*D; 
DTrasp=DT'; 

  
J=jacobn(p560, qz); 
%det(J) 

  
%Trajectories 
t=[0:0.056:2]'; 
[q, qd, qdd]=jtraj(qz, qr, t); 
Tq=fkine(p560, q); 
subplot(5,1,1), plot(q(:,1)),grid on,title('(Desplazamiento angular de 

Articulación q1)') 
subplot(5,1,2), plot(q(:,2)),grid on,title('(Desplazamiento angular de 

Articulación q2)') 
subplot(5,1,3), plot(q(:,3)),grid on,title('(Desplazamiento angular de 

Articulación q3)') 
subplot(5,1,4), plot(q(:,4)),grid on,title('(Desplazamiento angular de 

Articulación q4)') 
subplot(5,1,5), plot(q(:,5)),grid on,title('(Desplazamiento angular de 

Articulación q5)') 
%break 
figure 
subplot(5,1,1), plot(qd(:,1)),grid on,title('(Velocidad angular de 

Articulación qd1)') 
subplot(5,1,2), plot(qd(:,2)),grid on,title('(Velocidad angular de 

Articulación qd2)') 
subplot(5,1,3), plot(qd(:,3)),grid on,title('(Velocidad angular de 

Articulación qd3)') 
subplot(5,1,4), plot(qd(:,4)),grid on,title('(Velocidad angular de 

Articulación qd4)') 
subplot(5,1,5), plot(qd(:,5)),grid on,title('(Velocidad angular de 

Articulación qd5)') 
%break 
figure 
subplot(5,1,1), plot(qdd(:,1)),grid on,title('(Aceleración angular de 

Articulación qdd1)') 
subplot(5,1,2), plot(qdd(:,2)),grid on,title('(Aceleración angular de 

Articulación qdd2)') 
subplot(5,1,3), plot(qdd(:,3)),grid on,title('(Aceleración angular de 

Articulación qdd3)') 
subplot(5,1,4), plot(qdd(:,4)),grid on,title('(Aceleración angular de 

Articulación qdd4)') 
subplot(5,1,5), plot(qdd(:,5)),grid on,title('(Aceleración angular de 

Articulación qdd5)') 



%break 
figure 
%Dynamics 
tau=rne(p560, q, qd, qdd); 
%plot(t, tau),grid on,title('Totques') 
subplot(5,1,1), plot(t, tau(:,1)),grid on,title('(Torques de Articulación 

1)') 
subplot(5,1,2), plot(t, tau(:,2)),grid on,title('(Torques de Articulación 

2)') 
subplot(5,1,3), plot(t, tau(:,3)),grid on,title('(Torques de Articulación 

3)') 
subplot(5,1,4), plot(t, tau(:,4)),grid on,title('(Torques de Articulación 

4)') 
subplot(5,1,5), plot(t, tau(:,5)),grid on,title('(Torques de Articulación 

5)') 
%break 
figure 
tau_g=gravload(p560, q); 
subplot(5,1,1),plot(t, tau_g(:,1)),grid on,title('Gravedad de 

Articulación 1') 
subplot(5,1,2),plot(t, tau_g(:,2)),grid on,title('Gravedad de 

Articulación 2') 
subplot(5,1,3),plot(t, tau_g(:,3)),grid on,title('Gravedad de 

Articulación 3') 
subplot(5,1,4),plot(t, tau_g(:,4)),grid on,title('Gravedad de 

Articulación 4') 
subplot(5,1,5),plot(t, tau_g(:,5)),grid on,title('Gravedad de 

Articulación 5') 
%break 
M11=[]; 
for qi=q', 
M=inertia(p560, qi'); 
M11=[M11;M(1,1)]; 
end 
M12=[]; 
for qi=q', 
M=inertia(p560, qi'); 
M12=[M12;M(1,2)]; 
end 
M13=[]; 
for qi=q', 
M=inertia(p560, qi'); 
M13=[M13;M(1,3)]; 
end 
M14=[]; 
for qi=q', 
M=inertia(p560, qi'); 
M14=[M14;M(1,4)]; 
end 
M15=[]; 
for qi=q', 
M=inertia(p560, qi'); 
M15=[M15;M(1,5)]; 
end 
figure 
subplot(5,1,1),plot(t,M11),grid on,title('Inercia Articulación 1') 
subplot(5,1,2),plot(t,M12),grid on,title('Inercia Articulación 2') 



subplot(5,1,3),plot(t,M13),grid on,title('Inercia Articulación 3') 
subplot(5,1,4),plot(t,M14),grid on,title('Inercia Articulación 4') 
subplot(5,1,5),plot(t,M15),grid on,title('Inercia Articulación 5') 

  

 



ANEXO 9: Gráficas de desplazamientos, velocidades, aceleraciones, torque, 
gravedad e inercias 

La figura 1.1 se muestra las gráficas de los desplazamientos angulares de las 5 
articulaciones.  

Figura 1.1 Desplazamientos angulares de las articulaciones q1, q2, q3, q4 y q5 

En la figura 1.2 se muestran las gráficas de las velocidades angulares de las 5 

articulaciones. 

Figura 1.2 Velocidades angulares de las articulaciones q1, q2, q3, q4 y q5 



En la figura 1.3 se muestran las gráficas de las aceleraciones angulares de las 5 

articulaciones. 

 

Figura 1.3 Aceleraciones angulares de las articulaciones q1, q2, q3, q4 y q5 

En la figura 1.4 se muestran las gráficas de los torques de las 5 articulaciones. 



Figura 1.4 Torques de las articulaciones q1, q2, q3, q4 y q5 

En la figura 1.5 se muestran las gráficas de la gravedad de las 5 articulaciones. 

 

Figura 1.5 Inercia de las articulaciones q1, q2, q3, q4 y q5 

En la figura 1.6 se muestran las gráficas de inercia de las 5 articulaciones. 

Figura 1.6 Inercias de las articulaciones q1, q2, q3, q4 y q5 



ANEXO 10: Programa jtraj.m 

function [qt,qdt,qddt] = jtraj(q0, q1, tv, qd0, qd1) 
    if length(tv) > 1, 
        tscal = max(tv); 
        t = tv(:)/tscal; 
    else 
        tscal = 1; 
        t = [0:(tv-1)]'/(tv-1); % normalized time from 0 -> 1 
    end 

  
    q0 = q0(:); 
    q1 = q1(:); 

  
    if nargin == 3, 
        qd0 = zeros(size(q0)); 
        qd1 = qd0; 
    end 

  
    % compute the polynomial coefficients 
    A = 6*(q1 - q0) - 3*(qd1+qd0)*tscal; 
    B = -15*(q1 - q0) + (8*qd0 + 7*qd1)*tscal; 
    C = 10*(q1 - q0) - (6*qd0 + 4*qd1)*tscal; 
    E = qd0*tscal; % as the t vector has been normalized 
    F = q0; 

  
    tt = [t.^5 t.^4 t.^3 t.^2 t ones(size(t))]; 
    c = [A B C zeros(size(A)) E F]'; 

     
    qt = tt*c; 

  
    % compute optional velocity 
    if nargout >= 2, 
        c = [ zeros(size(A)) 5*A 4*B 3*C  zeros(size(A)) E ]'; 
        qdt = tt*c/tscal; 
    end 

  
    % compute optional acceleration 
    if nargout == 3, 
        c = [ zeros(size(A))  zeros(size(A)) 20*A 12*B 6*C  

zeros(size(A))]'; 
        qddt = tt*c/tscal^2; 
    end 

 

 



ANEXO 11: Programa rne 

function tau = rne(robot, a1, a2, a3, a4, a5) 
    if robot.mdh ~= 0, 
        error('Jacobian only valid for standard D&H parameters') 
    end 
    z0 = [0;0;1]; 
    robot.gravity = z0;            % agregué esto 
    grav = robot.gravity;   % default gravity from the object 
    fext = zeros(6, 1); 

  
    n = robot.n; 
    if numcols(a1) == 3*n, 
        Q = a1(:,1:n); 
        Qd = a1(:,n+1:2*n); 
        Qdd = a1(:,2*n+1:3*n); 
        np = numrows(Q); 
        if nargin >= 3,  
            grav = a2; 
        end 
        if nargin == 4, 
            fext = a3; 
        end 
    else 
        np = numrows(a1); 
        Q = a1; 
        Qd = a2; 
        Qdd = a3; 
        if numcols(a1) ~= n | numcols(Qd) ~= n | numcols(Qdd) ~= n | ... 
            numrows(Qd) ~= np | numrows(Qdd) ~= np, 
            error('bad data'); 
        end 
        if nargin >= 5,  
            grav = a4; 
        end 
        if nargin == 6, 
            fext = a5; 
        end 
    end 

     
    tau = zeros(np,n); 

  
    for p=1:np, 
        q = Q(p,:)'; 
        qd = Qd(p,:)'; 
        qdd = Qdd(p,:)'; 

     
        Fm = []; 
        Nm = []; 
        pstarm = []; 
        Rm = []; 
        w = zeros(3,1); 
        wd = zeros(3,1); 
        v = zeros(3,1); 
        vd = grav; 

  



    % 
    % init some variables, compute the link rotation matrices 
    % 
        for j=1:n, 
            link = robot.link{j}; 
            Tj = link(q(j)); 
            Rm{j} = tr2rot(Tj); 
            if link.RP == 'R', 
                D = link.D; 
            else 
                D = q(j); 
            end 
            alpha = link.alpha; 
            pstarm(:,j) = [link.A; D*sin(alpha); D*cos(alpha)]; 
        end 

  
    % 
    %  the forward recursion 
    % 
        for j=1:n, 
            link = robot.link{j}; 

  
            R = Rm{j}'; 
            pstar = pstarm(:,j); 
            r = link.r; 

  
            % 
            % statement order is important here 
            % 
            if link.RP == 'R', 
                % revolute axis 
                wd = R*(wd + z0*qdd(j) + ... 
                    cross(w,z0*qd(j))); 
                w = R*(w + z0*qd(j)); 
                %v = cross(w,pstar) + R*v; 
                vd = cross(wd,pstar) + ... 
                    cross(w, cross(w,pstar)) +R*vd; 

  
            else 
                % prismatic axis 
                w = R*w; 
                wd = R*wd; 
                vd = R*(z0*qdd(j)+vd) + ... 
                    cross(wd,pstar) + ... 
                    2*cross(w,R*z0*qd(j)) +... 
                    cross(w, cross(w,pstar)); 
            end 

  
            vhat = cross(wd,r) + ... 
                cross(w,cross(w,r)) + vd; 
            F = link.m*vhat; 
            N = link.I*wd + cross(w,link.I*w); 
            Fm = [Fm F]; 
            Nm = [Nm N]; 
        end 

  



    % 
    %  the backward recursion 
    % 

  
        f = fext(1:3);      % force/moments on end of arm 
        nn = fext(4:6);      

  
        for j=n:-1:1, 
            link = robot.link{j}; 
            pstar = pstarm(:,j); 

             
            % 
            % order of these statements is important, since both 
            % nn and f are functions of previous f. 
            % 
            if j == n, 
                R = eye(3,3); 
            else 
                R = Rm{j+1}; 
            end 
            r = link.r; 
            nn = R*(nn + cross(R'*pstar,f)) + ... 
                cross(pstar+r,Fm(:,j)) + ... 
                Nm(:,j); 
            f = R*f + Fm(:,j); 
            R = Rm{j}; 
            if link.RP == 'R', 
                % revolute 
                tau(p,j) = nn'*(R'*z0) + ... 
                    link.G^2 * ( link.Jm*qdd(j) + ... 
                        friction(link, qd(j)) ... 
                    ); 
            else 
                % prismatic 
                tau(p,j) = f'*(R'*z0) + ... 
                    link.G^2 * ( link.Jm*qdd(j) + ... 
                        friction(link, qd(j)) ... 
                    ); 
            end 
        end 
    end 

 

 



















































































 







































































































































 



ANEXO 14: Demostración del uso del controlador PD 

 

La función transferencia de la posición angular vs tensión de armadura de cada motor es: 

JS2θ +FSθ  = Kv – d(s)/r 

Reemplazando el voltaje v del controlador PD, tenemos: 

JS2θ +FSθ  = K[KP(θd– θ) – KDSθ] – d(s)/r 

                  = KKPθd  -  KKPθ   - KKDSθ  - d(s)/r 

θ [JS2 + (F +  KKD)S + KKP] = KKPθd - d(s)/r 

Siendo P el polinomio característico P(s) =  JS2 + (F +  KKD)S + KKP 

Entonces: 

θ = KKPθd/P(s) – [d(s)/r]/P(s) 

 

El error e = θd – θ 

Reemplazando el valor de la posición angular en esta expresión, nos queda: 

e = θd - KKPθd/P(s) + [d(s)/r]/P(s) 

e = [1- KKP/P(s)] θd + [d(s)/r]/P(s) 

  
         

    
   

      

    
 

  
               

    
      

      

    
 

 

Aplicando el teorema del valor final                  

   
   

   
  

Si no hay torque de perturbación (d = 0), entonces no hay error en estado estacionario 

para entrada escalón de θ. 

 

Para el comportamiento dinámico del sistema de control PD, se analiza el polinomio 

característico P(s) como un sistema típico de segundo orden: 

Queda la siguiente relación: 

   
     

 
  

   

 
            

  

Entonces KP y KD se determinan en función de δ y wn, donde en robótica se requiere de 

una respuesta críticamente amortiguada, por lo que  el amortiguamiento δ = 1. 



El análisis del polinomio característico P(S) por el método de Routh-Hurwitz, determina 

que la condición de estabilidad está dada por: 

      
 

   
 

Reordenando esta expresión, da:  

   
 

        
 

 



/* 

* GccApplication1.c 

* 

* Created: 29/08/2014 05:38:06 a.m. 

* Author: 

*/ 

 

 

 

 

#ifndef F_CPU 

#define F_CPU 8000000UL // or whatever may be your frequency 

#endif 

 

#include <util/delay.h> 

#include <avr/interrupt.h> 

#include <util/twi.h> 

#include <avr/io.h> 

 

#define USART_BAUDRATE 9600 

#define MYUBRR F_CPU/8/USART_BAUDRATE-1 

#define BUFFER_SERIAL 32 

 

#define num_tramas 1 

#define num_motores 1 

 

//variables declaradas 

int n=0; 

unsigned char data[32]; 

unsigned char temp[5]; 

unsigned char direc_esclavo[5]; 

unsigned char G[10]; 

int h=1; 

int a=0; 

//--------------------------------------------------------------------

inicia programa 

 

unsigned char USART_receive(); 

void USART_send(unsigned char); 

void recoge_signo(int); 

void recoge_numeros(int); 

void recoge_motor(int); 

void recoge_cantidad(int); 

void configuracion_usart(unsigned int); 

void configuracion_i2c(unsigned long int); 

void asigna_direc_esclavo(); 

void recibe_datos_pc(); 

void trx(unsigned char,unsigned char); 

int main(void) 

{  //programa principal 

 asigna_direc_esclavo(); 

 configuracion_i2c(100000); 

 configuracion_usart(12); 

 DDRC=0xFF; 



 DDRB=0xFF; 

 DDRD=0xF0;//definicion de entradas y salidas 

  

  

 while(1) 

 { 

  a=0; 

  recibe_datos_pc(); //unico programa que se ejecuta 

  PORTB=0x01; 

 } 

} 

 

void configuracion_i2c(unsigned long int frecuencia) 

{ 

 

 TWBR = 0x18; 

 TWSR=(0<<TWPS1); 

 TWSR=(0<<TWPS0); 

 

} 

void trx(unsigned char direccion,unsigned char dato) 

{ 

 TWCR=0xA4; 

 while(!(TWCR&0x80)); 

 TWDR=direccion; 

 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 TWDR=dato; 

 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 TWCR =0x94; 

 

} 

void configuracion_usart(unsigned int UBRR) 

{ 

 // 

 UBRRH = 0; 

 UBRRL = 51; 

 

 UCSRA= (0<<U2X);//modificado 

 UCSRB = (1<<RXEN)|(1<<TXEN); 

 UCSRC = (1<<URSEL)|(0<<USBS)|(1<<UCSZ1)|(1<<UCSZ0); //1 bit de 

parada|8 bits de datos|Sin paridad 

} 

unsigned char USART_receive(void) 

{ 

 // Wait until a byte has been received 

 while(!(UCSRA & (1<<RXC))); 

 

 return UDR; 

} 

void USART_send(unsigned char data) 

{ 

 // Wait until a byte has been received 



 while(!(UCSRA & (1<<UDRE))); 

 // Return received data 

 UDR=data; 

} 

void asigna_direc_esclavo() 

{ 

  

 direc_esclavo[0]= 0x04; 

 direc_esclavo[1]= 0x06; 

 direc_esclavo[2]= 0x08; 

 direc_esclavo[3]= 0x0A; 

 direc_esclavo[4]= 0x0C; 

} 

 

/* 

unsigned char rtx(unsigned char direccion) 

{ 

 TWCR=0xA4; 

 while(!(TWCR&0x80)); 

 TWDR=0b10101011;DIRECCION* falta modificar 

 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 dato=TWDR; 

 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 TWCR =0b10010100 

 

} 

*/ 

void recibe_datos_pc() 

{ 

 

 

 

  

 for(int i=0;i<32;i++) 

 { 

   

  data[i]=USART_receive(); //recibe dato 

  a=a+1; 

   

   //devuelve dato 

  //ultima modificación 

   

  trx(direc_esclavo[n],data[i]); 

  //falta quitarle ASCII 

   

  //--------------------------------------------- 

   

  if(data[i]==64) //es arroba? 

  {    PORTC=0x02; //prende led 

  n++;} 

  if(n==4){n=0;} 

   



 } 

USART_send(a); 

} 

 



/* 

 * esclavo_09_10.c 

 * 

 * Created: 09/10/2014 04:23:36 p.m. 

 *  Author:  

 */  

 

 

 

 

#ifndef F_CPU 

#define F_CPU 8000000UL // or whatever may be your frequency 

#endif 

#include <avr/io.h> 

#include <util/delay.h> 

#include <util/twi.h> 

#include <avr/interrupt.h> 

#include <inttypes.h> 

#include <stdlib.h> 

 

char recibe_dato();//funcion encargada de recibir los datos de TWI 

void configuracion_puertos();//funcion encargada de configurar los 

puertos del 

void configura_twi();//función que configura la comunicación por TWI 

void configurar_interrupcion();//funcion que configura la interrupcion 

externa 

void configurar_pwm();//funcion que permite configurar el pwm en PB1 

 

 

char arr[5];//se guardara lo siguiente: dig1,dig2,dig3,signo de giro,@ 

int i=0; 

uint32_t angulo;//angulo que se debe mover el motor 

uint32_t angulo_ant=0;//angulo anterior 

uint32_t cant_pulsos=0; 

char acabo_movimiento=1;//'1'-> el mov ya finalizo 

//'0'-> el mov todavía no ha acabado 

uint32_t cant_pulsos_cont=0; 

double e=0;//error proporcional 

double valor_pwm=0;//indicará el ancho de pulso del pwm 

int32_t error=0; 

int32_t derror=0; 

int32_t error_anterior=0; 

double derror_double=0; 

double ierror_double=0; 

uint32_t velocidad; 

 

int main(void) 

{ 

 configuracion_puertos(); 

 configura_twi(); 

 configurar_interrupcion(); 

 configurar_pwm(); 

 while(1) 

 { 



  //---------------------------------------- 

  //Guardamos la trama recibida en el arreglo "arr" 

  while((i+1)<=5) 

  { 

   if(i<=2) 

   { 

    arr[i]=recibe_dato()-'0'; 

   } 

   else 

   { 

    arr[i]=recibe_dato(); 

   } 

   i=i+1; 

  } 

  //--------------------------------------- 

  PORTC=0x00; 

  angulo=arr[0]*100+arr[1]*10+arr[2];  

/*  velocidad =100; 

  if(angulo==250) 

  { 

   PORTC=0x01; 

  }*/ 

  //velocidad=arr[5]*100+arr[6]*10+arr[7]; 

    //cant_pulsos=(angulo-

angulo_ant)*680;//motor 3 

    //cant_pulsos=(angulo-

angulo_ant)*180;//motor 4 

    //cant_pulsos=(angulo-

angulo_ant)*1.2;//motor 2 

    cant_pulsos=(angulo-

angulo_ant)*16;//motor 1 

    acabo_movimiento=0; 

    angulo_ant=0; 

    if(arr[3]=='+') 

    { 

     PORTB=0b00001011; 

    } 

    else 

    { 

     PORTB=0b00000111; 

    } 

    cant_pulsos_cont=0; 

    OCR1A=(unsigned int)velocidad; 

    while(acabo_movimiento==0) 

    { 

     error=cant_pulsos-

cant_pulsos_cont; 

     derror=error-error_anterior; 

     e=(double)error; 

     derror_double=(double)derror; 

    

 ierror_double=(double)error+0.0001*ierror_double; 

     valor_pwm=23*e + 

2.37*derror_double + 0*ierror_double; 



      

       

      if (valor_pwm>=255) 

      { 

       valor_pwm=254; 

      } 

      if(valor_pwm<=40) 

      { 

       valor_pwm=40; 

      } 

      

     //valor_pwm=255; 

     OCR1A=(unsigned 

int)valor_pwm;//modificamos el ancho de pulso del PWM 

     error_anterior=error; 

 

      

    } 

    PORTC=0x01; 

    PORTB=0x00; 

    OCR1A=0; 

    i=0; 

   } 

} 

ISR(INT0_vect) 

{ 

 cant_pulsos_cont=cant_pulsos_cont+1; 

 if(cant_pulsos_cont>=cant_pulsos) 

 { 

  acabo_movimiento=1; 

 }  

} 

ISR(INT1_vect) 

{ 

 PORTB=0x00; 

 PORTC=0x01; 

 acabo_movimiento=1; 

 OCR1A=0x00; 

 i=0; 

} 

void configuracion_puertos() 

{ 

 DDRB=0x0F; 

 DDRC=0x01; 

} 

void configura_twi() 

{ 

 TWCR=0xC4; 

 TWAR=0x04; 

} 

char recibe_dato() 

{ 

 char p2; 

 while(!(TWCR & 0x80)); 



 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 p2=TWDR; 

 TWCR=0x84; 

 TWCR=0xC4; 

 return p2; 

  

} 

 

void configurar_interrupcion() 

{ 

 cli();   //configuracion de interrupcion externa 

INT0 

 //MCUCR=0x03; 

 MCUCR=0x0f; 

 //GIFR=0x40; 

 //GICR=0x40; 

 GICR=0xc0; 

 GIFR=0xc0; 

 sei(); 

} 

void configurar_pwm() 

{ 

 DDRB=0x02; 

 TCCR1A=0x81; 

 TCCR1B=0x05; 

 TCNT1=0x00; 

 OCR1A=0; 

  

} 

 



/* 

 * esclavo2_09_10.c 

 * 

 * Created: 09/10/2014 04:23:36 p.m. 

 *  Author:  

 */  

 

 

 

 

#ifndef F_CPU 

#define F_CPU 8000000UL // or whatever may be your frequency 

#endif 

#include <avr/io.h> 

#include <util/delay.h> 

#include <util/twi.h> 

#include <avr/interrupt.h> 

#include <inttypes.h> 

#include <stdlib.h> 

 

char recibe_dato();//funcion encargada de recibir los datos de TWI 

void configuracion_puertos();//funcion encargada de configurar los 

puertos del 

void configura_twi();//función que configura la comunicación por TWI 

void configurar_interrupcion();//funcion que configura la interrupcion 

externa 

void configurar_pwm();//funcion que permite configurar el pwm en PB1 

 

 

char arr[5];//se guardara lo siguiente: dig1,dig2,dig3,signo de giro,@ 

int i=0; 

uint32_t angulo;//angulo que se debe mover el motor 

uint32_t angulo_ant=0;//angulo anterior 

uint32_t cant_pulsos=0; 

char acabo_movimiento=1;//'1'-> el mov ya finalizo 

//'0'-> el mov todavía no ha acabado 

uint32_t cant_pulsos_cont=0; 

double e=0;//error proporcional 

double valor_pwm=0;//indicará el ancho de pulso del pwm 

int32_t error=0; 

int32_t derror=0; 

int32_t error_anterior=0; 

double derror_double=0; 

double ierror_double=0; 

uint32_t velocidad; 

 

int main(void) 

{ 

 configuracion_puertos(); 

 configura_twi(); 

 configurar_interrupcion(); 

 configurar_pwm(); 

 while(1) 

 { 



  //---------------------------------------- 

  //Guardamos la trama recibida en el arreglo "arr" 

  while((i+1)<=5) 

  { 

   if(i<=2) 

   { 

    arr[i]=recibe_dato()-'0'; 

   } 

   else 

   { 

    arr[i]=recibe_dato(); 

   } 

   i=i+1; 

  } 

  //--------------------------------------- 

  PORTC=0x00; 

  angulo=arr[0]*100+arr[1]*10+arr[2];  

/*  velocidad =100; 

  if(angulo==250) 

  { 

   PORTC=0x01; 

  }*/ 

  //velocidad=arr[5]*100+arr[6]*10+arr[7]; 

    //cant_pulsos=(angulo-

angulo_ant)*680;//motor 3 

    //cant_pulsos=(angulo-

angulo_ant)*180;//motor 4 

    //cant_pulsos=(angulo-

angulo_ant)*1.2;//motor 2 

    cant_pulsos=(angulo-

angulo_ant)*12;//motor 1 

    acabo_movimiento=0; 

    angulo_ant=0; 

    if(arr[3]=='+') 

    { 

     PORTB=0b00001011; 

    } 

    else 

    { 

     PORTB=0b00000111; 

    } 

    cant_pulsos_cont=0; 

    OCR1A=(unsigned int)velocidad; 

    while(acabo_movimiento==0) 

    { 

     error=cant_pulsos-

cant_pulsos_cont; 

     derror=error-error_anterior; 

     e=(double)error; 

     derror_double=(double)derror; 

    

 ierror_double=(double)error+0.0001*ierror_double; 

     valor_pwm=22.5*e + 

0.33*derror_double + ierror_double; 



      

       

      if (valor_pwm>=255) 

      { 

       valor_pwm=254; 

      } 

      if(valor_pwm<=40) 

      { 

       valor_pwm=40; 

      } 

      

     //valor_pwm=255; 

     OCR1A=(unsigned 

int)valor_pwm;//modificamos el ancho de pulso del PWM 

     error_anterior=error; 

 

      

    } 

    PORTC=0x01; 

    PORTB=0x00; 

    OCR1A=0; 

    i=0; 

   } 

} 

ISR(INT0_vect) 

{ 

 cant_pulsos_cont=cant_pulsos_cont+1; 

 if(cant_pulsos_cont>=cant_pulsos) 

 { 

  acabo_movimiento=1; 

 }  

} 

ISR(INT1_vect) 

{ 

 PORTB=0x00; 

 PORTC=0x01; 

 acabo_movimiento=1; 

 OCR1A=0x00; 

 i=0; 

} 

void configuracion_puertos() 

{ 

 DDRB=0x0F; 

 DDRC=0x01; 

} 

void configura_twi() 

{ 

 TWCR=0xC4; 

 TWAR=0x06; 

} 

char recibe_dato() 

{ 

 char p2; 

 while(!(TWCR & 0x80)); 



 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 p2=TWDR; 

 TWCR=0x84; 

 TWCR=0xC4; 

 return p2; 

  

} 

 

void configurar_interrupcion() 

{ 

 cli();   //configuracion de interrupcion externa 

INT0 

 //MCUCR=0x03; 

 MCUCR=0x0f; 

 //GIFR=0x40; 

 //GICR=0x40; 

 GICR=0xc0; 

 GIFR=0xc0; 

 sei(); 

} 

void configurar_pwm() 

{ 

 DDRB=0x02; 

 TCCR1A=0x81; 

 TCCR1B=0x05; 

 TCNT1=0x00; 

 OCR1A=0; 

  

} 

 



/* 

 * esclavo3_09_10.c 

 * 

 * Created: 09/10/2014 04:23:36 p.m. 

 *  Author:  

 */  

 

 

 

 

#ifndef F_CPU 

#define F_CPU 8000000UL // or whatever may be your frequency 

#endif 

#include <avr/io.h> 

#include <util/delay.h> 

#include <util/twi.h> 

#include <avr/interrupt.h> 

#include <inttypes.h> 

#include <stdlib.h> 

 

char recibe_dato();//funcion encargada de recibir los datos de TWI 

void configuracion_puertos();//funcion encargada de configurar los 

puertos del 

void configura_twi();//función que configura la comunicación por TWI 

void configurar_interrupcion();//funcion que configura la interrupcion 

externa 

void configurar_pwm();//funcion que permite configurar el pwm en PB1 

 

 

char arr[5];//se guardara lo siguiente: dig1,dig2,dig3,signo de giro,@ 

int i=0; 

uint32_t angulo;//angulo que se debe mover el motor 

uint32_t angulo_ant=0;//angulo anterior 

uint32_t cant_pulsos=0; 

char acabo_movimiento=1;//'1'-> el mov ya finalizo 

//'0'-> el mov todavía no ha acabado 

uint32_t cant_pulsos_cont=0; 

double e=0;//error proporcional 

double valor_pwm=0;//indicará el ancho de pulso del pwm 

int32_t error=0; 

int32_t derror=0; 

int32_t error_anterior=0; 

double derror_double=0; 

double ierror_double=0; 

uint32_t velocidad; 

 

int main(void) 

{ 

 configuracion_puertos(); 

 configura_twi(); 

 configurar_interrupcion(); 

 configurar_pwm(); 

 while(1) 

 { 



  //---------------------------------------- 

  //Guardamos la trama recibida en el arreglo "arr" 

  while((i+1)<=5) 

  { 

   if(i<=2) 

   { 

    arr[i]=recibe_dato()-'0'; 

   } 

   else 

   { 

    arr[i]=recibe_dato(); 

   } 

   i=i+1; 

  } 

  //--------------------------------------- 

  PORTC=0x00; 

  angulo=arr[0]*100+arr[1]*10+arr[2];  

/*  velocidad =100; 

  if(angulo==250) 

  { 

   PORTC=0x01; 

  }*/ 

  //velocidad=arr[5]*100+arr[6]*10+arr[7]; 

    //cant_pulsos=(angulo-

angulo_ant)*680;//motor 3 

    //cant_pulsos=(angulo-

angulo_ant)*180;//motor 4 

    //cant_pulsos=(angulo-

angulo_ant)*1.2;//motor 2 

    cant_pulsos=(angulo-

angulo_ant)*680;//motor 1 

    acabo_movimiento=0; 

    angulo_ant=0; 

    if(arr[3]=='+') 

    { 

     PORTB=0b00001011; 

    } 

    else 

    { 

     PORTB=0b00000111; 

    } 

    cant_pulsos_cont=0; 

    OCR1A=(unsigned int)velocidad; 

    while(acabo_movimiento==0) 

    { 

     error=cant_pulsos-

cant_pulsos_cont; 

     derror=error-error_anterior; 

     e=(double)error; 

     derror_double=(double)derror; 

    

 ierror_double=(double)error+0.0001*ierror_double; 

     valor_pwm=0.127*e + 

0.233*derror_double + 0*ierror_double; 



      

       

      if (valor_pwm>=255) 

      { 

       valor_pwm=254; 

      } 

      if(valor_pwm<=40) 

      { 

       valor_pwm=40; 

      } 

      

     //valor_pwm=255; 

     OCR1A=(unsigned 

int)valor_pwm;//modificamos el ancho de pulso del PWM 

     error_anterior=error; 

 

      

    } 

    PORTC=0x01; 

    PORTB=0x00; 

    OCR1A=0; 

    i=0; 

   } 

} 

ISR(INT0_vect) 

{ 

 cant_pulsos_cont=cant_pulsos_cont+1; 

 if(cant_pulsos_cont>=cant_pulsos) 

 { 

  acabo_movimiento=1; 

 }  

} 

ISR(INT1_vect) 

{ 

 PORTB=0x00; 

 PORTC=0x01; 

 acabo_movimiento=1; 

 OCR1A=0x00; 

 i=0; 

} 

void configuracion_puertos() 

{ 

 DDRB=0x0F; 

 DDRC=0x01; 

} 

void configura_twi() 

{ 

 TWCR=0xC4; 

 TWAR=0x08; 

} 

char recibe_dato() 

{ 

 char p2; 

 while(!(TWCR & 0x80)); 



 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 p2=TWDR; 

 TWCR=0x84; 

 TWCR=0xC4; 

 return p2; 

  

} 

 

void configurar_interrupcion() 

{ 

 cli();   //configuracion de interrupcion externa 

INT0 

 //MCUCR=0x03; 

 MCUCR=0x0f; 

 //GIFR=0x40; 

 //GICR=0x40; 

 GICR=0xc0; 

 GIFR=0xc0; 

 sei(); 

} 

void configurar_pwm() 

{ 

 DDRB=0x02; 

 TCCR1A=0x81; 

 TCCR1B=0x05; 

 TCNT1=0x00; 

 OCR1A=0; 

  

} 

 



/* 

 * esclavo4_09_10.c 

 * 

 * Created: 09/10/2014 04:23:36 p.m. 

 *  Author:  

 */  

 

 

 

 

#ifndef F_CPU 

#define F_CPU 8000000UL // or whatever may be your frequency 

#endif 

#include <avr/io.h> 

#include <util/delay.h> 

#include <util/twi.h> 

#include <avr/interrupt.h> 

#include <inttypes.h> 

#include <stdlib.h> 

 

char recibe_dato();//funcion encargada de recibir los datos de TWI 

void configuracion_puertos();//funcion encargada de configurar los 

puertos del 

void configura_twi();//función que configura la comunicación por TWI 

void configurar_interrupcion();//funcion que configura la interrupcion 

externa 

void configurar_pwm();//funcion que permite configurar el pwm en PB1 

 

 

char arr[5];//se guardara lo siguiente: dig1,dig2,dig3,signo de giro,@ 

int i=0; 

uint32_t angulo;//angulo que se debe mover el motor 

uint32_t angulo_ant=0;//angulo anterior 

uint32_t cant_pulsos=0; 

char acabo_movimiento=1;//'1'-> el mov ya finalizo 

//'0'-> el mov todavía no ha acabado 

uint32_t cant_pulsos_cont=0; 

double e=0;//error proporcional 

double valor_pwm=0;//indicará el ancho de pulso del pwm 

int32_t error=0; 

int32_t derror=0; 

int32_t error_anterior=0; 

double derror_double=0; 

double ierror_double=0; 

uint32_t velocidad; 

 

int main(void) 

{ 

 configuracion_puertos(); 

 configura_twi(); 

 configurar_interrupcion(); 

 configurar_pwm(); 

 while(1) 

 { 



  //---------------------------------------- 

  //Guardamos la trama recibida en el arreglo "arr" 

  while((i+1)<=5) 

  { 

   if(i<=2) 

   { 

    arr[i]=recibe_dato()-'0'; 

   } 

   else 

   { 

    arr[i]=recibe_dato(); 

   } 

   i=i+1; 

  } 

  //--------------------------------------- 

  PORTC=0x00; 

  angulo=arr[0]*100+arr[1]*10+arr[2];  

/*  velocidad =100; 

  if(angulo==250) 

  { 

   PORTC=0x01; 

  }*/ 

  //velocidad=arr[5]*100+arr[6]*10+arr[7]; 

    //cant_pulsos=(angulo-

angulo_ant)*680;//motor 3 

    //cant_pulsos=(angulo-

angulo_ant)*180;//motor 4 

    //cant_pulsos=(angulo-

angulo_ant)*1.2;//motor 2 

    cant_pulsos=(angulo-

angulo_ant)*180;//motor 1 

    acabo_movimiento=0; 

    angulo_ant=0; 

    if(arr[3]=='+') 

    { 

     PORTB=0b00001011; 

    } 

    else 

    { 

     PORTB=0b00000111; 

    } 

    cant_pulsos_cont=0; 

    OCR1A=(unsigned int)velocidad; 

    while(acabo_movimiento==0) 

    { 

     error=cant_pulsos-

cant_pulsos_cont; 

     derror=error-error_anterior; 

     e=(double)error; 

     derror_double=(double)derror; 

    

 ierror_double=(double)error+0.0001*ierror_double; 

     valor_pwm=0.009*e + 

0.0038*derror_double + 0*ierror_double; 



      

       

      if (valor_pwm>=255) 

      { 

       valor_pwm=254; 

      } 

      if(valor_pwm<=40) 

      { 

       valor_pwm=40; 

      } 

      

     //valor_pwm=255; 

     OCR1A=(unsigned 

int)valor_pwm;//modificamos el ancho de pulso del PWM 

     error_anterior=error; 

 

      

    } 

    PORTC=0x01; 

    PORTB=0x00; 

    OCR1A=0; 

    i=0; 

   } 

} 

ISR(INT0_vect) 

{ 

 cant_pulsos_cont=cant_pulsos_cont+1; 

 if(cant_pulsos_cont>=cant_pulsos) 

 { 

  acabo_movimiento=1; 

 }  

} 

ISR(INT1_vect) 

{ 

 PORTB=0x00; 

 PORTC=0x01; 

 acabo_movimiento=1; 

 OCR1A=0x00; 

 i=0; 

} 

void configuracion_puertos() 

{ 

 DDRB=0x0F; 

 DDRC=0x01; 

} 

void configura_twi() 

{ 

 TWCR=0xC4; 

 TWAR=0x0A; 

} 

char recibe_dato() 

{ 

 char p2; 

 while(!(TWCR & 0x80)); 



 TWCR=0x84; 

 while(!(TWCR & 0x80)); 

 p2=TWDR; 

 TWCR=0x84; 

 TWCR=0xC4; 

 return p2; 

  

} 

 

void configurar_interrupcion() 

{ 

 cli();   //configuracion de interrupcion externa 

INT0 

 //MCUCR=0x03; 

 MCUCR=0x0f; 

 //GIFR=0x40; 

 //GICR=0x40; 

 GICR=0xc0; 

 GIFR=0xc0; 

 sei(); 

} 

void configurar_pwm() 

{ 

 DDRB=0x02; 

 TCCR1A=0x81; 

 TCCR1B=0x05; 

 TCNT1=0x00; 

 OCR1A=0; 

  

} 

 



Código Form1 
 
Public Class Form1 
    Dim StrBufferOut As String 
    Dim StrBufferIn As String 
    Dim count As Double 
    Dim signo1, signo2, signo3, signo4, tramafin, tramap1, tramap2, tramap3, 
tramap4 As String 
 
    '---------------------------------------- 
    '-- Condiciones Iniciales del Programa -- 
    '---------------------------------------- 
    Private Sub Form1_Load(sender As Object, e As EventArgs) Handles MyBase.Load 
        StrBufferOut = ""                  '-- Inicializo las varibles a usar 
        StrBufferIn = "" 
        btndirecta.Enabled = False 
        btnTrayectoria.Enabled = False 
        OvalShape1.FillColor = Color.Red 
        btnConectar.Enabled = False        '-- Inicialmente no activadas 
        tmrTimer.Enabled = False 
        cboTrayectoria.SelectedIndex = 0   '-- Muestra valor principal por 
defecto 
 
        txtIniX.Text = Convert.ToString(My.Settings.SaveX) 
        txtIniY.Text = Convert.ToString(My.Settings.SaveY) 
        txtIniZ.Text = Convert.ToString(My.Settings.SaveZ) 
 
        saveang1.Text = Convert.ToString(My.Settings.SaveAng1) 
        saveang2.Text = Convert.ToString(My.Settings.SaveAng2) 
        saveang3.Text = Convert.ToString(My.Settings.SaveAng3) 
        saveang4.Text = Convert.ToString(My.Settings.SaveAng4) 
 
 
        nPuntos = 0 
        tmrTimer.Enabled = False 
 
   
    End Sub 
    '---------------------------------- 
    '-- Verificar Puerto de Conexión -- 
    '---------------------------------- 
    Private Sub btnDeterminarConexion_Click(sender As Object, e As EventArgs) 
Handles btnDeterminarConexion.Click 
        cboPuertos.Items.Clear() '-- Limpio el combobox 
        For Each PuertoDisponible As String In My.Computer.Ports.SerialPortNames 
            cboPuertos.Items.Add(PuertoDisponible) '-- Busco puertos en la PC 
        Next 
        If cboPuertos.Items.Count > 0 Then 
            cboPuertos.Text = cboPuertos.Items(0) 
            MessageBox.Show("SELECCIONE EL PUERTO A TRABAJAR")  '-- Agrega los 
puerto serial disponible 
            btnConectar.Enabled = True 
        Else 
            MessageBox.Show("NINGUN PUERTO DISPONIBLE") 
            btnConectar.Enabled = False 
            cboPuertos.Items.Clear() 
            cboPuertos.Text = ("                    ") 
        End If 
    End Sub 
    '------------------------------------------------------ 
    '-- Conexión y Desconexión de la Comunicación Serial -- 
    '------------------------------------------------------ 



    Private Sub btnConectar_Click(sender As Object, e As EventArgs) Handles 
btnConectar.Click 
        If btnConectar.Text = "Conectar Sistema" Then 
            spPuertos.PortName = cboPuertos.Text   '-- Ubica puerto 
            btnConectar.Text = "Desconectar Sistema" 
            tmrTimer.Enabled = True 
            spPuertos.Open() '-- Activa Envio de Datos  
            OvalShape2.FillColor = Color.Green '-- Muestra Indicadores 
            OvalShape1.FillColor = Color.WhiteSmoke 
            btndirecta.Enabled = True 
            btnTrayectoria.Enabled = True 
        ElseIf btnConectar.Text = "Desconectar Sistema" Then 
            btnConectar.Text = "Conectar Sistema" 
 
            '-- Desactivo Envio de Datos  
            OvalShape1.FillColor = Color.Red '-- Muestra Indicadores 
            OvalShape2.FillColor = Color.WhiteSmoke 
 
            btnTrayectoria.Enabled = False 
 
 
            tramap1 = conversoratrama(My.Settings.SaveAng1) 
            tramap2 = conversoratrama(My.Settings.SaveAng2) 
            tramap3 = conversoratrama(My.Settings.SaveAng3) 
            tramap4 = conversoratrama(My.Settings.SaveAng4) 
            tramafin = tramap1 & tramap2 & tramap3 & tramap4 
            mostrarserial.Text = tramafin 
 
            spPuertos.DiscardInBuffer() 
            StrBufferOut = tramafin 
            spPuertos.Write(StrBufferOut) 
 
 
            btndirecta.Enabled = False 
 
            '------------------------------ Actualizo valores en pantalla inicial 
            txtIniX.Text = 0.84 
            txtIniY.Text = 0 
            txtIniZ.Text = 0.175 
 
            '------------------------------ Actualizo valores en pantalla de 
directa 
 
            Form2.txtX_i.Text = 0.84 
            Form2.txtY_i.Text = 0 
            Form2.txtZ_i.Text = 0.175 
 
            My.Settings.SaveX = 0.84 
            My.Settings.SaveY = 0 
            My.Settings.SaveZ = 0.175 
 
            My.Settings.SaveAng1 = 0 
            My.Settings.SaveAng2 = 0 
            My.Settings.SaveAng3 = 0 
            My.Settings.SaveAng4 = 0 
            spPuertos.Close() 
            tmrTimer.Enabled = False 
        End If 
    End Sub 
    '------------------------------------------------------ 
    '-- Formulario de Movimiento a través de ángulos -- 
    '------------------------------------------------------ 



    Private Sub btndirecta_Click(sender As Object, e As EventArgs) Handles 
btndirecta.Click 
        Form2.Show() 
    End Sub 
    '------------------------------------------------------ 
    '-- Varibles de btnTrayectoria -- 
    '------------------------------------------------------ 
    Dim qo, qov, qf, qfv, qa, qaf, tf As Double 
    Dim zFinal, zInicial, xFinal, xinicial, yFinal, yinicial As Double 
    Dim a0, a1, a2, a3 As Double 
    Dim xant, yant, zant As Double 
    Dim t1, tf1, tdef As Double 
    Dim x, y, z As Double 
    Dim xv, yv, zv As Double 
    Dim traycubv As Double 
 
 
    Private Sub btnTrayectoria_Click(sender As Object, e As EventArgs) Handles 
btnTrayectoria.Click 
        PictureBox1.Image = Nothing 
        'Stop 
 
        qo = Convert.ToDouble(txtIniZ.Text)      '-- Posición Inicial z 
        qf = Convert.ToDouble(txtFinalZ.Text)    '-- Posición Final z 
        xinicial = txtIniX.Text 
        yinicial = Convert.ToDouble(txtIniY.Text) 
        xFinal = Convert.ToDouble(txtFinalX.Text) 
        yFinal = Convert.ToDouble(txtFinalY.Text) 
 
        '-- Se define tiempo de trayectoria 
        zFinal = qf      '-- Hasta donde tiene que llegar 
        zInicial = qo    '-- Desde donde empieza 
        '-- definición de X y Y 
 
        tdef = 2 
        '-- Actualización de Posición Inicial 
        t1 = tf1 
        xant = Convert.ToDouble(txtIniX.Text) 
        yant = Convert.ToDouble(txtIniY.Text) 
        zant = zInicial 
 
        '-- Cálculo de coeficientes 
        a0 = qo 
        a1 = 0 
        a2 = (3 * (qf - qo)) / (tdef ^ 2) 
        a3 = ((-2) * (qf - qo)) / (tdef ^ 3) 
 
        count = 0 
        Timer1.Enabled = True    '-- Habilito muestreo 
    End Sub 
    Dim m1, m2, m3, m4 As Double 
 
    Dim vel1, vel2, vel3 As Double 
    Dim nPuntos As Double 
 
    '------------------------------------------------------ 
    '-- Muestreo de Señal - Gráfica de la Función -- 
    '------------------------------------------------------ 
    Private Sub Timer1_Tick(sender As Object, e As EventArgs) Handles Timer1.Tick 
 
        Dim temp_x, temp_y, temp_z As Double 
        Dim temp_xant, temp_yant, temp_zant As Double 



        Dim countfinal 
        countfinal = 2 
        'Dim m1, m2, m3 As Double 
 
        t1 = t1 + 1 
        z = (a0 + a1 * (t1 - tf1) + a2 * (t1 - tf1) ^ 2 + a3 * (t1 - tf1) ^ 3) '-
- Punto Final de cada Muestreo 
        zv = a1 + 2 * a2 * (t1 - tf1) + 3 * a3 * (t1 - tf1) ^ 2 
 
        traycubv = a1 * t1 + a2 * t1 + a3 * t1 ^ 2 
 
        If (count < countfinal) Then 
            count = count + 1 
            'Stop 
            '-- Actualización de Parámetros X,Y,Z actuales 
 
            x = t1 * (xFinal - xinicial) / tdef + xinicial 
            xv = (xFinal - xinicial) / tdef 
 
            y = t1 * (yFinal - yinicial) / tdef + yinicial 
            yv = (xFinal - xinicial) / tdef 
 
            temp_x = x * (5 / 0.3)   '-- Escala 
            temp_y = y * (5 / 0.3)  '-- Escala 
            temp_z = z * 20 - 7  '-- Escala 
            temp_xant = xant * (5 / 0.3) 
            temp_yant = yant * (5 / 0.3) 
            temp_zant = zant * 20 - 7 
 
            nPuntos = nPuntos + 1 
      
            Call Dibuja(temp_xant, temp_yant, temp_zant, temp_x, temp_y, temp_z) 
 
            '-- Actualización de Parámetros X,Y,Z anteriores 
            xant = x 
            yant = y 
            zant = z 
 
            '-- Conversion mediante cinematica inversa 
            Call cinematicaInversa(x, y, z, m1, m2, m3, m4) 
 
 
 
            '-- Aplicacion de jacobiano inverso 
            Call calculaJacobianoInverso(m1, m2, m3, xv, yv, zv, vel1, vel2, 
vel3) 
    
 
            '-- Mostrar datos en el TextBox 
            My.Settings.SaveX = x 
            My.Settings.SaveY = y 
            My.Settings.SaveZ = z 
 
            txtIniX.Text = x 
            txtIniY.Text = y 
            txtIniZ.Text = z 
 
            Form4.txtXform4.Text = x 
            Form4.txtYform4.Text = y 
            Form4.txtZform4.Text = z 
        End If 
 



        'MsgBox("El Brazo 5GL se ecuentra en (x,y,z): ( " & x & ", " & y & ", " & 
z & ")") 
    End Sub 
    '------------------------------------------------------ 
    '-- Variables Globales del Procedimiento Dibuja -- 
 
    Dim funciones As String 
    Dim lapiz1 As New Pen(Color.Black) 
    Dim lapiz2 As New Pen(Color.Red) 
    Dim lapiz3 As New Pen(Color.Blue) 
    Dim lapiz4 As New Pen(Color.Green, 5) 
 
    Dim a As Single 
    Dim k As Single 
    '------------------------------------------------------ 
    Sub Dibuja(xant As Single, yant As Single, zant As Single, x As Single, y As 
Single, z As Single) 
 
        Dim objGraficos As System.Drawing.Graphics '-- Creación del objeto 
Gráfico 
        objGraficos = Me.PictureBox1.CreateGraphics 
 
 
 
        Dim xcentro As Single = PictureBox1.Width / 2   '-- Calulo del punto 
medio 
        Dim ycentro As Single = PictureBox1.Height / 2 
 
        Dim ant As Single      '-- Varibles para almacenar valores anteriores 
        Dim kant As Single 
 
 
        a = y * 0.7071 * 15 '-- Factor con     y*cos(45)*39 
        k = a 
 
        ant = yant * 0.7071 * 15 
        kant = ant 
 
        objGraficos.TranslateTransform(xcentro, ycentro) '-- Punto medio (cero 
cero cero) 
        '-- Línea horizontal  
        objGraficos.DrawLine(lapiz1, 0, 0, xcentro * 2, 0) 
        '-- Línea vertical  
        objGraficos.DrawLine(lapiz2, 0, 0, 0, ycentro * -2) 
        '-- Eje Z 
        objGraficos.DrawLine(lapiz3, 0, 0, xcentro * -1, ycentro * 2) 
        '-- Gráfica de puntos 
        objGraficos.DrawLine(lapiz4, 15 * xant - kant, -15 * zant + kant, 15 * x 
- k, -15 * z + k) '-- X2D = 39*x-k , -39*z+k 
 
    End Sub 
    '----------------------------- 
    '-- Envio de Datos al motor -- 
    '----------------------------- 
 
    '------------------------------------------------------ 
    '-- Preparación de Puertos para Transmisión de Datos -- 
    '------------------------------------------------------ 
    Private Sub tmrTimer_Tick(sender As Object, e As EventArgs) Handles 
tmrTimer.Tick 
        StrBufferIn = spPuertos.ReadExisting     '-- Lee el puerto 
        If StrBufferIn <> "" Then 



            mostrarserial.Text = StrBufferIn 
            StrBufferIn = "" 
            spPuertos.DiscardInBuffer() 
 
        End If 
    End Sub 
 
     
    Private Sub calculaJacobianoInverso(q1 As Double, q2 As Double, q3 As Double, 
v1 As Double, v2 As Double, v3 As Double, novoVel_1 As Double, novoVel_2 As 
Double, novoVel_3 As Double) 
        Dim matInv(,) As Double 
        Dim matNovoVel(,) As Double 
        Dim matJacobiano(,) As Double 
        Dim matVelFin(,) As Double 
 
        ReDim matInv(3, 3) 
        ReDim matNovoVel(3, 1) 
        ReDim matJacobiano(3, 3) 
        ReDim matVelFin(3, 1) 
 
        q1 = q1 * Math.PI / 180 
        q2 = q2 * Math.PI / 180 
        q3 = q3 * Math.PI / 180 
 
        matJacobiano = calcularJacobiano(q1, q2, q3) 
        matVelFin(0, 0) = v1 
        matVelFin(1, 0) = v2 
        matVelFin(2, 0) = v3 
 
 
        'iNVERSA 
        matInv = calcularInversa(matJacobiano) 
        matNovoVel = cacularMultiplicacion(3, 3, matInv, 3, 1, matVelFin) 
 
        'JACOBIANO INVERSO 
        novoVel_1 = matNovoVel(0, 0) 
        novoVel_2 = matNovoVel(1, 0) 
        novoVel_3 = matNovoVel(2, 0) 
        'Stop 
        vel1 = novoVel_1 
        vel2 = novoVel_2 
        vel3 = novoVel_3 
 
        vel1 = vel1 * 60 / Math.PI 
        vel2 = vel2 * 60 / Math.PI 
        vel3 = vel3 * 60 / Math.PI 
 
        txtMostarJ1.Text = vel1 
        txtMostarJ2.Text = vel2 
        txtMostarJ3.Text = vel3 
 
    End Sub 
    Private Function cacularMultiplicacion(ByVal a As Integer, ByVal b As 
Integer, ByVal matA As Double(,), ByVal c As Integer, ByVal d As Integer, ByVal 
matB As Double(,)) 
        Dim matr As Double(,) 
        Dim temp, sum As Double 
        sum = 0 
        ReDim matr(a, d) 
 
        'Stop 



 
        For fil = 0 To a - 1 'Fila 1' 
            For col = 0 To d - 1 
                For k1 = 0 To a - 1 'Fila de matriz 2 
                    sum = sum + matA(fil, k1) * matB(k1, col) 
                Next 
                temp = Math.Round(sum, 7) 
                matr(fil, col) = temp 
                sum = 0 
            Next 
        Next 
        Return matr 
    End Function 
 
    '--   q1 = ang1, q2 = ang2, q3 = ang3 ---  Valores del Jacobiano 
    Private Function calcularJacobiano(q1 As Double, q2 As Double, q3 As Double) 
        Dim l2, l3, a As Double 
        Dim jac(,) As Double 
        ReDim jac(3, 3) 
 
        l2 = 0.275 
        l3 = 0.275 
 
        a = l2 * Math.Cos(q2) - l3 * Math.Sin(q3) * Math.Sin(q2) + l3 * 
Math.Cos(q3) * Math.Cos(q2) 
 
        jac(0, 0) = -a * Math.Sin(q1) 
        jac(0, 1) = (-l2 * Math.Sin(q2) * Math.Cos(q1) - l3 * Math.Sin(q3) * 
Math.Cos(q2) * Math.Cos(q1) - l3 * Math.Cos(q3) * Math.Sin(q2) * Math.Cos(q1)) 
        jac(0, 2) = -l3 * Math.Cos(q1) * Math.Sin(q2) * Math.Cos(q3) - l3 * 
Math.Sin(q3) * Math.Cos(q2) * Math.Cos(q1) 
 
        jac(1, 0) = a * Math.Cos(q1) 
        jac(1, 1) = (-l2 * Math.Sin(q1) * Math.Sin(q2) - l3 * Math.Sin(q3) * 
Math.Cos(q2) * Math.Sin(q1) - l3 * Math.Cos(q3) * Math.Sin(q2) * Math.Sin(q1)) 
        jac(1, 2) = -l3 * Math.Sin(q1) * Math.Sin(q2) * Math.Cos(q3) - l3 * 
Math.Sin(q3) * Math.Cos(q2) * Math.Sin(q1) 
 
        jac(2, 0) = 0 
        jac(2, 1) = l2 * Math.Cos(q2) - l3 * Math.Sin(q3) * Math.Sin(q2) + l3 * 
Math.Cos(q3) * Math.Cos(q2) 
        jac(2, 2) = l3 * Math.Cos(q3) * Math.Cos(q2) - l3 * Math.Sin(q3) * 
Math.Sin(q2) 
 
        Return jac 
    End Function 
 
    Private Function calcularInversa(ByVal mat As Double(,)) 
 
        Dim d As Double 
        Dim matTemp1 As Double(,) 
        Dim matFinal As Double(,) 
        ReDim matTemp1(3, 3) 
        ReDim matFinal(3, 3) 
        Dim i As Double 
        Dim matTemp0 As Double(,) 
        ReDim matTemp0(3, 3) 
 
        d = calcularDeterminante(mat) 
 
        i = 1 / d 
        matTemp1 = calcularAdjunta(mat) 



        matTemp0 = calcularTranspuesta(matTemp1) 
        matFinal = constantePorMatriz(i, matTemp0) 
 
        Return matFinal 
 
    End Function 
    Private Function conversoratrama(ByVal ang As Double) 
        Dim stre As String 
        If (ang >= 0) Then 
            stre = Convert.ToString(ang) & "-" & "@" 
            If (ang < 100) Then 
                stre = "0" & Convert.ToString(ang) & "-" & "@" 
                If (ang < 10) Then 
                    stre = "00" & Convert.ToString(ang) & "-" & "@" 
                End If 
            End If 
        End If 
        If (ang < 0) Then 
            ang = -ang 
            stre = Convert.ToString(ang) & "+" & "@" 
            If (ang < 100) Then 
                stre = "0" & Convert.ToString(ang) & "+" & "@" 
                If (ang < 10) Then 
                    stre = "00" & Convert.ToString(ang) & "+" & "@" 
                End If 
            End If 
        End If 
        Return stre 
    End Function 
    Private Function calcularDeterminante(ByVal mat As Double(,)) 
        Dim matTemp2 As Double(,) 
        ReDim matTemp2(5, 5) 
        Dim prim1, prim2, prim3 As Double 
        Dim sec1, sec2, sec3 As Double 
        Dim mul1, mul2 As Double 
        Dim deter As Double 
 
        matTemp2(0, 0) = mat(0, 0) 'Primera fila 
        matTemp2(0, 1) = mat(0, 1) 
        matTemp2(0, 2) = mat(0, 2) 
        matTemp2(1, 0) = mat(1, 0) 'Segunda fila 
        matTemp2(1, 1) = mat(1, 1) 
        matTemp2(1, 2) = mat(1, 2) 
        matTemp2(2, 0) = mat(2, 0) 'Tercera fila 
        matTemp2(2, 1) = mat(2, 1) 
        matTemp2(2, 2) = mat(2, 2) 
        matTemp2(3, 0) = mat(0, 0) 'Cuarta fila 
        matTemp2(3, 1) = mat(0, 1) 
        matTemp2(3, 2) = mat(0, 2) 
        matTemp2(4, 0) = mat(1, 0) 'Quinta fila 
        matTemp2(4, 1) = mat(1, 1) 
        matTemp2(4, 2) = mat(1, 2) 
 
        prim1 = matTemp2(0, 0) * matTemp2(1, 1) * matTemp2(2, 2) 
        prim2 = matTemp2(1, 0) * matTemp2(2, 1) * matTemp2(3, 2) 
        prim3 = matTemp2(2, 0) * matTemp2(3, 1) * matTemp2(4, 2) 
        mul1 = prim1 + prim2 + prim3 
        sec1 = matTemp2(0, 2) * matTemp2(1, 1) * matTemp2(2, 0) 
        sec2 = matTemp2(1, 2) * matTemp2(2, 1) * matTemp2(3, 0) 
        sec3 = matTemp2(2, 2) * matTemp2(3, 1) * matTemp2(4, 0) 
        mul2 = sec1 + sec2 + sec3 
        deter = mul1 - mul2 



 
        Return deter 
    End Function 
    Private Function calcularAdjunta(ByVal mat As Double(,)) 
        Dim matTrans As Double(,) 
        ReDim matTrans(3, 3) 
 
        matTrans(0, 0) = mat(1, 1) * mat(2, 2) - mat(2, 1) * mat(1, 2) 'Primera 
fila 
        matTrans(0, 1) = -1 * (mat(1, 0) * mat(2, 2) - mat(2, 0) * mat(1, 2)) 
        matTrans(0, 2) = mat(1, 0) * mat(2, 1) - mat(2, 0) * mat(1, 1) 
 
        matTrans(1, 0) = -1 * (mat(0, 1) * mat(2, 2) - mat(2, 1) * mat(0, 2)) 
'Segunda fila 
        matTrans(1, 1) = mat(0, 0) * mat(2, 2) - mat(2, 0) * mat(0, 2) 
        matTrans(1, 2) = -1 * (mat(0, 0) * mat(2, 1) - mat(2, 0) * mat(0, 1)) 
 
        matTrans(2, 0) = mat(0, 1) * mat(1, 2) - mat(1, 1) * mat(0, 2) 'Tercera 
fila 
        matTrans(2, 1) = -1 * (mat(0, 0) * mat(1, 2) - mat(1, 0) * mat(0, 2)) 
        matTrans(2, 2) = mat(0, 0) * mat(1, 1) - mat(1, 0) * mat(0, 1) 
 
        Return matTrans 
    End Function 
    Private Function constantePorMatriz(ByVal cte As Double, ByVal mat As 
Double(,)) 
        Dim matTemp3 As Double(,) 
        ReDim matTemp3(3, 3) 
 
        matTemp3(0, 0) = mat(0, 0) * cte 'Primera fila 
        matTemp3(0, 1) = mat(0, 1) * cte 
        matTemp3(0, 2) = mat(0, 2) * cte 
        matTemp3(1, 0) = mat(1, 0) * cte 'Segunda fila 
        matTemp3(1, 1) = mat(1, 1) * cte 
        matTemp3(1, 2) = mat(1, 2) * cte 
        matTemp3(2, 0) = mat(2, 0) * cte 'Tercera fila 
        matTemp3(2, 1) = mat(2, 1) * cte 
        matTemp3(2, 2) = mat(2, 2) * cte 
 
        Return matTemp3 
    End Function 
    Private Function calcularTranspuesta(ByVal mat(,) As Double) 
        Dim matTemp3 As Double(,) 
        ReDim matTemp3(3, 3) 
 
        matTemp3(0, 0) = mat(0, 0)  'Primera fila 
        matTemp3(0, 1) = mat(1, 0) 
        matTemp3(0, 2) = mat(2, 0) 
        matTemp3(1, 0) = mat(0, 1)  'Segunda fila 
        matTemp3(1, 1) = mat(1, 1) 
        matTemp3(1, 2) = mat(2, 1) 
        matTemp3(2, 0) = mat(0, 2)  'Tercera fila 
        matTemp3(2, 1) = mat(1, 2) 
        matTemp3(2, 2) = mat(2, 2) 
 
        Return matTemp3 
 
    End Function 
    Private Sub btncalibrar_Click(sender As Object, e As EventArgs) Handles 
btncalibrar.Click 
        Form3.Show() 
    End Sub 



 
     
    Private Sub cinematicaInversa(px As Double, py As Double, pz As Double, 
motor1 As Double, motor2 As Double, motor3 As Double, motor4 As Double) 
        Dim px2, py2, px3, py3, pz3, h, cosq3, l2, l3, l4, d, q2p, q3p As Double 
        Dim str1, str2, str3, str4, trama1, trama2, trama3, trama4 As String 
        Dim valid As Boolean 
        l2 = 28 
        l3 = 28 
        l4 = 28 
 
        px = Math.Round(px * 100) 
        py = Math.Round(py * 100) 
        pz = Math.Round(pz * 100) 
 
        If x = 0 Then 
            motor1 = 0 
        Else 
            motor1 = Math.Atan2(y, x) 
        End If 
 
        motor2 = 25 * (Math.PI / 180) 
 
        px2 = l2 * Math.Cos(motor1) * Math.Cos(motor2) 
        py2 = l2 * Math.Sin(motor1) * Math.Cos(motor2) 
        pz3 = pz - l2 * Math.Sin(motor2) - 17.5 
        px3 = px - px2 
        py3 = py - py2 
        d = (px3 ^ 2 + py3 ^ 2 + pz3 ^ 2) ^ 0.5 
        h = 0 
 
        valid = True 
 
        While (valid) 
            '(d > 55.8) & (d < 19) & (Math.Abs(px3) < 5) & (Math.Abs(py3) < 5) 
            If (d > 55.8) Then 
                If (d < 19) Then 
                    If (Math.Abs(px3) < 5) Then 
                        If (Math.Abs(py3) < 5) Then 
                            valid = True 
                        Else 
                            valid = False 
                        End If 
                    Else 
                        valid = False 
                    End If 
                    valid = False 
                End If 
            Else 
                valid = False 
            End If 
            h = h + 1 
 
            motor2 = motor2 + Math.PI / 180 
            px2 = l2 * Math.Cos(motor1) * Math.Cos(motor2) 
            py2 = l2 * Math.Sin(motor1) * Math.Cos(motor2) 
            pz3 = pz - l2 * Math.Sin(motor2) - 17.5 
            px3 = px - px2 
            py3 = py - py2 
            d = (px3 ^ 2 + py3 ^ 2 + pz3 ^ 2) ^ 0.5 
        End While 



        cosq3 = ((px3 ^ 2 + py3 ^ 2 + (pz3) ^ 2 - l3 ^ 2 - l4 ^ 2) / (2 * l3 * 
l4)) 
        q3p = Math.Atan((((1 - cosq3 ^ 2)) ^ 0.5) / cosq3) 
        q2p = Math.Atan(pz3 / ((px3 ^ 2 + py3 ^ 2) ^ 0.5)) - Math.Atan(l4 * 
Math.Sin(q3p) / (l3 + l4 * Math.Cos(q3p))) 
        q2p = q2p - motor2 
 
        'Convertir a grados 
        motor1 = motor1 * 180 / Math.PI 
        motor2 = motor2 * 180 / Math.PI 
        motor3 = q2p * 180 / Math.PI 
        motor4 = q3p * 180 / Math.PI 
 
        'Redondear valores a cero decimales 
        motor1 = Math.Round(motor1, 0) 
        motor2 = Math.Round(motor2, 0) 
        motor3 = Math.Round(motor3, 0) 
        motor4 = Math.Round(motor4, 0) 
        'motor2v = Math.Truncate(motor2v) 
 
        'Stop 
        txtMostrar_m1.Text = motor1 
        txtMostrar_m2.Text = motor2 
        txtMostrar_m3.Text = motor3 
        txtMostrar_m4.Text = motor4 
 
        If (False) Then 
            My.Settings.SaveAng1 = motor1 
            My.Settings.SaveAng2 = motor2 
            My.Settings.SaveAng3 = motor3 
            My.Settings.SaveAng4 = motor4 
        End If 
        str1 = analisisangulof11(motor1) 
        str2 = analisisangulof12(motor2) 
        str3 = analisisangulof13(motor3) 
        str4 = analisisangulof14(motor4) 
 
        motor1 = Convert.ToDouble(signo1 & str1) 
        motor2 = Convert.ToDouble(signo2 & str2) 
        motor3 = Convert.ToDouble(signo3 & str3) 
        motor4 = Convert.ToDouble(signo4 & str4) 
        m1 = motor1 
        m2 = motor2 
        m3 = motor3 
        m4 = motor4 
 
 
        '---------------------trama motor1 
        'Stop 
        If (signo1 = "+") Then 
            If (motor1 > 100) Then 
                trama1 = str1 & "+@" 
            End If 
            If (motor1 <= 100) Then 
                trama1 = "0" & str1 & "+@" 
                If (motor1 < 10) Then 
                    trama1 = "0" & "0" & str1 & "+@" 
                End If 
            End If 
 
 
        End If 



 
        If (signo1 = "-") Then 
            m1 = -m1 
            str1 = Convert.ToString(m1) 
            If (m1 > 100) Then 
                trama1 = str1 & "-@" 
            End If 
            If (m1 <= 100) Then 
                trama1 = "0" & str1 & "-@" 
                If (m1 < 10) Then 
                    trama1 = "0" & "0" & str1 & "-@" 
                End If 
            End If 
 
        End If 
 
 
        '---------------------trama motor2 
        If (signo2 = "+") Then 
            If (motor2 > 100) Then 
                trama2 = trama1 & str2 & "+" 
            End If 
            If (motor2 <= 100) Then 
                trama2 = trama1 & "0" & str2 & "+" 
                If (motor2 < 10) Then 
                    trama2 = trama1 & "0" & "0" & str2 & "+" 
                End If 
            End If 
        End If 
 
        If (signo2 = "-") Then 
            m2 = -m2 
            str2 = Convert.ToString(m2) 
            If (m2 > 100) Then 
                trama2 = trama1 & str2 & "-" 
            End If 
            If (m2 <= 100) Then 
                trama2 = trama1 & "0" & str2 & "-" 
                If (m2 < 10) Then 
                    trama2 = trama1 & "0" & "0" & str2 & "-" 
                End If 
            End If 
        End If 
 
        '---------------------trama motor3 
        If (signo3 = "+") Then 
            If (motor3 > 100) Then 
                trama3 = trama2 & "@" & str3 & "+" 
            End If 
            If (motor3 <= 100) Then 
                trama3 = trama2 & "@" & "0" & str3 & "+" 
                If (motor3 < 10) Then 
                    trama3 = trama2 & "@" & "0" & "0" & str3 & "+" 
                End If 
            End If 
        End If 
 
        If (signo3 = "-") Then 
            m3 = -m3 
            str3 = Convert.ToString(m3) 
            If (m3 > 100) Then 
                trama3 = trama2 & "@" & str3 & "-" 



            End If 
            If (m3 <= 100) Then 
                trama3 = trama2 & "@" & "0" & str3 & "-" 
                If (m3 < 10) Then 
                    trama3 = trama2 & "@" & "0" & "0" & str3 & "-" 
                End If 
            End If 
        End If 
 
        '---------------------trama motor4 
 
        If (signo4 = "+") Then 
            If (motor4 > 100) Then 
                trama4 = trama3 & "@" & str4 & "+" & "@" 
            End If 
            If (motor4 <= 100) Then 
                trama4 = trama3 & "@" & "0" & str4 & "+" & "@" 
                If (motor4 < 10) Then 
                    trama4 = trama3 & "@" & "0" & "0" & str4 & "+" & "@" 
                End If 
            End If 
        End If 
 
        If (signo4 = "-") Then 
            m4 = -m4 
            str4 = Convert.ToString(m4) 
            If (m4 > 100) Then 
                trama4 = trama3 & "@" & str4 & "-" & "@" 
            End If 
            If (m4 <= 100) Then 
                trama4 = trama3 & "@" & "0" & str4 & "-" & "@" 
                If (m4 < 10) Then 
                    trama4 = trama3 & "@" & "0" & "0" & str4 & "-" & "@" 
                End If 
            End If 
        End If 
 
        spPuertos.DiscardInBuffer() 
        StrBufferOut = trama4 
        spPuertos.Write(StrBufferOut) 
 
        mostrarserial.Text = trama4 
 
    End Sub 
 
    Function analisisangulof11(ByVal number1 As Double) 
        Dim pos1 As Double 
        Dim cuadrante1, d As Double 
        Dim mover, dis1, dis2 As Double 
 
        If (number1 >= 0) Then 
            pos1 = number1 
        Else 
            pos1 = number1 * -1 
        End If 
        If ((number1 >= 0) And (number1 <= 90)) Then 
            cuadrante1 = 1 
            pos1 = number1 
        Else 
            If ((number1 <= 180) And (number1 > 90)) Then 
                cuadrante1 = 2 
                pos1 = number1 



            Else 
                If (((number1 <= 270) And (number1 > 180)) Or ((number1 >= -180) 
And (number1 <= -90))) Then 
                    cuadrante1 = 3 
                    pos1 = 360 + number1 
                Else 
                    cuadrante1 = 4 
                    pos1 = 360 + number1 
                End If 
            End If 
        End If 
        d = Math.Abs(cuadrante1 - My.Settings.SaveCuad1) 
        If (d = 3) Then 
            If (My.Settings.SaveCuad1 = 4) Then 
                mover = Math.Abs(My.Settings.SaveAng1) + number1 
                signo1 = "+" 
            Else 
                mover = My.Settings.SaveAng1 + Math.Abs(number1) 
                signo1 = "-" 
            End If 
        Else 
            If (d <= 1) Then 
                If (pos1 < My.Settings.SaveAng1_pos) Then 
                    mover = My.Settings.SaveAng1_pos - pos1 
                    signo1 = "-" 
                Else 
                    mover = pos1 - My.Settings.SaveAng1_pos 
                    signo1 = "+" 
                End If 
            Else 
                If (My.Settings.SaveCuad1 < cuadrante1) Then 
                    dis1 = Math.Abs(number1) + My.Settings.SaveAng1 
                    dis2 = pos1 - My.Settings.SaveAng1 
                    If (dis1 < dis2) Then 
                        mover = dis1 
                        signo1 = "-" 
                    Else 
                        mover = dis2 
                        signo1 = "+" 
                    End If 
                Else 
                    dis1 = Math.Abs(My.Settings.SaveAng1) + number1 
                    dis2 = My.Settings.SaveAng1_pos - number1 
                    If (dis1 <= dis2) Then 
                        mover = dis1 
                        signo1 = "+" 
                    Else 
                        mover = dis2 
                        signo1 = "-" 
                    End If 
                End If 
 
            End If 
 
        End If 
        My.Settings.SaveAng1 = number1 
        My.Settings.SaveAng1_pos = pos1 
        My.Settings.SaveCuad1 = cuadrante1 
        saveang1.Text = Convert.ToString(My.Settings.SaveAng1) 
        mover = Convert.ToString(mover) 
        Return mover 
 



    End Function 
 
    Function analisisangulof12(ByVal number2 As Double) 
        Dim mover, aux1, aux2 As Double 
 
        aux1 = My.Settings.SaveAng2 
        aux2 = number2 - aux1 
        If (aux2 >= 0) Then 
            signo2 = "+" 
            mover = aux2 
        Else 
            signo2 = "-" 
            mover = aux2 * -1 
        End If 
        My.Settings.SaveAng2 = number2 
 
        saveang2.Text = Convert.ToString(My.Settings.SaveAng2) 
        mover = Convert.ToString(mover) 
        Return mover 
 
    End Function 
 
    Function analisisangulof13(ByVal number3 As Double) 
            Dim mover, aux1, aux2 As Double 
 
        aux1 = My.Settings.SaveAng3 
        aux2 = number3 - aux1 
        If (aux2 >= 0) Then 
            signo3 = "+" 
            mover = aux2 
        Else 
            signo3 = "-" 
            mover = aux2 * -1 
        End If 
        My.Settings.SaveAng3 = number3 
 
        saveang3.Text = Convert.ToString(My.Settings.SaveAng3) 
        mover = Convert.ToString(mover) 
        Return mover 
 
    End Function 
 
    Function analisisangulof14(ByVal number4 As Double) 
        Dim mover, aux1, aux2 As Double 
 
        aux1 = My.Settings.SaveAng4 
        aux2 = number4 - aux1 
        If (aux2 >= 0) Then 
            signo4 = "+" 
            mover = aux2 
        Else 
            signo4 = "-" 
            mover = aux2 * -1 
        End If 
        My.Settings.SaveAng4 = number4 
 
        saveang4.Text = Convert.ToString(My.Settings.SaveAng4) 
        mover = Convert.ToString(mover) 
        Return mover 
 
    End Function 
End Class 



Código Form2 
 
Public Class Form2 
    Dim StrBufferOut As String 
    Dim StrBufferIn As String 
    Dim anguloenv1, anguloenv2, anguloenv3 As String 
    Dim signo1, signo2, signo3, signo4 As String 
 
    Private Sub salirform2_Click(sender As Object, e As EventArgs) Handles 
salirform2.Click 
        Me.Close() 
    End Sub 
 
    Private Sub Form2_Load(sender As Object, e As EventArgs) Handles MyBase.Load 
        cboMotor1.SelectedIndex = 0 
        cboMotor2.SelectedIndex = 0 
        cboMotor3.SelectedIndex = 0 
        cboMotor4.SelectedIndex = 0 
 
        txtMotor1.Text = 0 
        txtMotor2.Text = 0 
        txtMotor3.Text = 0 
        txtMotor4.Text = 0 
 
        'nPuntos = 0 
 
        Control1.Text = Convert.ToString(My.Settings.SaveAng1) 
        Control2.Text = Convert.ToString(My.Settings.SaveAng2) 
        Control3.Text = Convert.ToString(My.Settings.SaveAng3) 
        Control4.Text = Convert.ToString(My.Settings.SaveAng4) 
 
    End Sub 
 
    Private Sub Realizadirecta_Click(sender As Object, e As EventArgs) Handles 
Realizadirecta.Click 
        Dim cadena1 As String 
        Dim cadena2 As String 
        Dim cadena3 As String 
        Dim cadena4 As String 
        Dim number1 As Double 
        Dim number2 As Double 
        Dim number3 As Double 
        Dim number4 As Double 
        Dim angulostr1, angulostr2, angulostr3, angulostr4 
 
 
 
        cadena1 = cboMotor1.Text & txtMotor1.Text 
        number1 = Convert.ToDouble(cadena1) 
 
        cadena2 = cboMotor2.Text & txtMotor2.Text 
        number2 = Convert.ToDouble(cadena2) 
 
        cadena3 = cboMotor3.Text & txtMotor3.Text 
        number3 = Convert.ToDouble(cadena3) 
 
        cadena4 = cboMotor4.Text & txtMotor4.Text 
        number4 = Convert.ToDouble(cadena4) 
        If (False) Then 
            Stop 
        End If 
        angulostr1 = analisisangulo1(number1) 



        angulostr2 = analisisangulo2(number2) 
        angulostr3 = analisisangulo3(number3) 
        angulostr4 = analisisangulo4(number4) 
 
        angulostr1 = conversoratrama(angulostr1) 
        angulostr2 = conversoratrama(angulostr2) 
        angulostr3 = conversoratrama(angulostr3) 
        angulostr4 = conversoratrama(angulostr4) 
 
        'If ((number2 < 180 And number2 > -35) Or (number2 > -180 And number2 < -
145)) And (number3 > -130 And number3 < 130) Then 
        Form1.spPuertos.DiscardInBuffer() 
        StrBufferOut = angulostr1 & signo1 & "@" & angulostr2 & signo2 & "@" & 
angulostr3 & signo3 & "@" & angulostr4 & signo4 & "@" 
        Form1.spPuertos.Write(StrBufferOut) 'Envia la cadena 
        'Timer5.Enabled = True 
 
        'Form1.tmrTimer.Enabled = True 
        Form1.mostrarserial.Text = StrBufferOut 
 
        'actualiza los valores de los angulos guardados 
        My.Settings.SaveAng1 = number1 
        My.Settings.SaveAng2 = number2 
        My.Settings.SaveAng3 = number3 
        My.Settings.SaveAng4 = number4 
 
        Dim matA(,), matB(,), matC(,), matD(,), matR(,), matF(,), matE(,), 
matTemp(,) As Double 
        '--  matE(,), matF(,) --> matriz 4ta y 5ta 
        Dim a, b, c, d, m, n As Integer 
        Dim angleRad1, angleRad2, angleRad3, angleRad4, angleRad5, angle1, 
angle2, angle3, angle4, angle5 As Double 
        'Dim temp As String 
        Dim al1, a1, d1 As Double 
        Dim al2, a2, d2 As Double 
        Dim al3, a3, d3 As Double 
        Dim al4, a4, d4 As Double 
        Dim al5, a5, d5 As Double 
        a = 3 'fila %C 
        b = 3 'columna %C 
        ReDim matA(a, b) 
        ReDim matB(a, b) 
        ReDim matC(a, b) 
        ReDim matE(a, b) 
        ReDim matF(a, b) 
        ' Llenar matriz A 
        al1 = Math.PI / 2 
        a1 = 0 
        d1 = 17.5 
        angle1 = number1  ' o = motor1 
        angleRad1 = angle1 * Math.PI / 180 
        matA = llenarMatriz(al1, a1, d1, angleRad1) 
        ' Llenar matriz B 
        al2 = 0 
        a2 = 28 
        d2 = 0 
        angle2 = number2 
        angleRad2 = angle2 * Math.PI / 180 
        matB = llenarMatriz(al2, a2, d2, angleRad2) 
        ' Llenar matriz C 
        al3 = 0 
        a3 = 28 



        d3 = 0 
        angle3 = number3 
        angleRad3 = angle3 * Math.PI / 180 
        matC = llenarMatriz(al3, a3, d3, angleRad3) 
 
        ' Llenar matriz E 
        al4 = -Math.PI / 2 
        a4 = 0 
        d4 = 0 
        angle4 = number4 - 90 
        angleRad4 = angle4 * Math.PI / 180 
        matE = llenarMatriz(al4, a4, d4, angleRad4) 
 
        ' Llenar matriz F 
        al5 = 0 
        a5 = 0 
        d5 = 28 
        angle5 = 0 
        angleRad5 = angle5 * Math.PI / 180 
        matF = llenarMatriz(al5, a5, d5, angleRad5) 
 
        'Llenar matriz D 
        c = 3 
        d = 0 
        ReDim matD(c, d) 
        matD(0, 0) = 0 'llena matriz D 
        matD(1, 0) = 0 
        matD(2, 0) = 0 
        matD(3, 0) = 1 
 
        m = a 'Dimesión de matriz matTemp 
        n = b 
        ReDim matTemp(m, n) 
 
        matTemp = cacularMultiplicacion(a, b, matA, a, b, matB) 
        matTemp = cacularMultiplicacion(a, b, matTemp, a, b, matC) 
        matTemp = cacularMultiplicacion(a, b, matTemp, a, b, matE) 
        matTemp = cacularMultiplicacion(a, b, matTemp, a, b, matF) 
 
        m = a 
        n = d 
 
        ReDim matR(m, n) 
        matR = cacularMultiplicacion(a, b, matTemp, c, d, matD) 
 
        'imprimir en nuevas celdas 
        txtX.Text = matR(0, 0) / 100 
        txtY.Text = matR(1, 0) / 100 
        txtZ.Text = matR(2, 0) / 100 
 
        txtX_i.Text = matR(0, 0) / 100 
        txtY_i.Text = matR(1, 0) / 100 
        txtZ_i.Text = matR(2, 0) / 100 
 
        My.Settings.SaveX = Convert.ToDouble(txtX.Text) 
        My.Settings.SaveY = Convert.ToDouble(txtY.Text) 
        My.Settings.SaveZ = Convert.ToDouble(txtZ.Text) 
 
 
 
        Form1.txtIniX.Text = Convert.ToDouble(txtX.Text) 
        Form1.txtIniY.Text = Convert.ToDouble(txtY.Text) 



        Form1.txtIniZ.Text = Convert.ToDouble(txtZ.Text) 
 
        Control1.Text = Convert.ToString(My.Settings.SaveAng1) 
        Control2.Text = Convert.ToString(My.Settings.SaveAng2) 
        Control3.Text = Convert.ToString(My.Settings.SaveAng3) 
        Control4.Text = Convert.ToString(My.Settings.SaveAng4) 
        'Else 
        'MsgBox("Ingrese otro ángulo.") 
        'End If 
    End Sub 
    '--------------------- 
 
    Private Function llenarMatriz(ByVal al As Double, ByVal a As Double, ByVal d 
As Double, ByVal motor As Double) 
        Dim matTem As Double(,) 
        ReDim matTem(3, 3) 
        matTem(0, 0) = Math.Cos(motor) 
        matTem(0, 1) = -1 * Math.Cos(al) * Math.Sin(motor) 
        matTem(0, 2) = Math.Sin(al) * Math.Sin(motor) 
        matTem(0, 3) = a * Math.Cos(motor) 
        matTem(1, 0) = Math.Sin(motor) 
        matTem(1, 1) = Math.Cos(al) * Math.Cos(motor) 
        matTem(1, 2) = -1 * Math.Sin(al) * Math.Cos(motor) 
        matTem(1, 3) = a * Math.Sin(motor) 
        matTem(2, 0) = 0 
        matTem(2, 1) = Math.Sin(al) 
        matTem(2, 2) = Math.Cos(al) 
        matTem(2, 3) = d 
        matTem(3, 0) = 0 
        matTem(3, 1) = 0 
        matTem(3, 2) = 0 
        matTem(3, 3) = 1 
        Return matTem 
    End Function 
    Private Function cacularMultiplicacion(ByVal a As Integer, ByVal b As 
Integer, ByVal matA As Double(,), ByVal c As Integer, ByVal d As Integer, ByVal 
matB As Double(,)) 
        Dim matr As Double(,) 
        Dim temp, sum As Double 
        sum = 0 
        ReDim matr(a, d) 
        a = a + 1 
        d = d + 1 
        For fil = 0 To a - 1 'Fila 1' 
            For col = 0 To d - 1 
                For k = 0 To a - 1 'Fila de matriz 2 
                    sum = sum + matA(fil, k) * matB(k, col) 
                Next 
                temp = Math.Round(sum, 7) 
                matr(fil, col) = temp 
                sum = 0 
            Next 
        Next 
        Return matr 
    End Function 
 
    Private Sub btnInversa_Click(sender As Object, e As EventArgs) Handles 
btnInversa.Click 
        Dim x, y, z As Double 
        Dim motor1, motor2, motor3, motor2v As Double 
        Dim temp1, temp2, temp3, temp4, temp5, temp6, temp7, temp8 As Double 
 



        'Asignar valores 
        x = Convert.ToDouble(txtX.Text) 
        y = Convert.ToDouble(txtY.Text) 
        z = Convert.ToDouble(txtZ.Text) 
 
        z = z - 0.45 
 
        'Motor 1 
 
        If x = 0 Then 
            motor1 = 0 
        Else 
 
            motor1 = Math.Atan2(y, x) 
 
        End If 
 
        temp8 = (x ^ 2 + y ^ 2 + z ^ 2 - 0.275 ^ 2 - 0.09 ^ 2) / (2 * 0.275 * 
0.09) 
        If temp8 > 0.998 And temp8 < 1.02 Then 
            temp8 = 1 
        End If 
 
        motor3 = Math.Acos(temp8) 
 
        temp1 = Math.Sqrt(x ^ 2 + y ^ 2) 
        temp6 = temp1 * -1 
        temp2 = Math.Atan2(z, temp1)  '-- este es 
        temp7 = Math.Atan2(z, temp6) 
        temp3 = 0.09 * Math.Sin(motor3) 
        temp4 = 0.275 + 0.09 * Math.Cos(motor3) 
        temp5 = Math.Atan2(temp3, temp4)  '-- este es 
 
        motor2 = temp2 - temp5 
        motor2v = temp7 - temp5 
 
        'Convertir a grados 
        motor1 = motor1 * 180 / Math.PI 
        motor2 = motor2 * 180 / Math.PI 
        motor3 = motor3 * 180 / Math.PI 
        motor2v = motor2v * 180 / Math.PI 
 
        'Redondear valores a cero decimales 
        motor1 = Math.Round(motor1, 0) 
        motor2 = Math.Round(motor2, 0) 
        motor3 = Math.Round(motor3, 0) 
        'motor2v = Math.Truncate(motor2v) 
 
        'Mostrar resultado 
        txtMotor1M.Text = motor1 
        txtMotor2M.Text = motor2 
        txtMotor3M.Text = motor3 
        'txtAngulo2v.Text = motor2v 
    End Sub 
 
    Function analisisangulo1(ByVal number1 As Double) 
        Dim pos1 As Double 
        Dim cuadrante1, d As Double 
        Dim mover, dis1, dis2 As Double 
        Dim aux1, aux2 As Double 
 
        aux1 = My.Settings.SaveAng1 



        aux2 = My.Settings.SaveCuad1 
        If (number1 >= 0) Then 
            pos1 = number1 
        Else 
            pos1 = number1 * -1 
        End If 
        If ((number1 >= 0) And (number1 <= 90)) Then 
            cuadrante1 = 1 
            pos1 = number1 
        Else 
            If ((number1 <= 180) And (number1 > 90)) Then 
                cuadrante1 = 2 
                pos1 = number1 
            Else 
                If (((number1 <= 270) And (number1 > 180)) Or ((number1 >= -180) 
And (number1 <= -90))) Then 
                    cuadrante1 = 3 
                    pos1 = 360 + number1 
                Else 
                    cuadrante1 = 4 
                    pos1 = 360 + number1 
                End If 
            End If 
        End If 
        d = Math.Abs(cuadrante1 - My.Settings.SaveCuad1) 
        If (d = 3) Then 
            If (My.Settings.SaveCuad1 = 4) Then 
                mover = Math.Abs(My.Settings.SaveAng1) + number1 
                signo1 = "+" 
            Else 
                mover = My.Settings.SaveAng1 + Math.Abs(number1) 
                signo1 = "-" 
            End If 
        Else 
            If (d <= 1) Then 
                If (pos1 < My.Settings.SaveAng1_pos) Then 
                    mover = My.Settings.SaveAng1_pos - pos1 
                    signo1 = "-" 
                Else 
                    mover = pos1 - My.Settings.SaveAng1_pos 
                    signo1 = "+" 
                End If 
            Else 
                If (My.Settings.SaveCuad1 < cuadrante1) Then 
                    dis1 = Math.Abs(number1) + My.Settings.SaveAng1 
                    dis2 = pos1 - My.Settings.SaveAng1 
                    If (dis1 < dis2) Then 
                        mover = dis1 
                        signo1 = "-" 
                    Else 
                        mover = dis2 
                        signo1 = "+" 
                    End If 
                Else 
                    dis1 = Math.Abs(My.Settings.SaveAng1) + number1 
                    dis2 = My.Settings.SaveAng1_pos - number1 
                    If (dis1 <= dis2) Then 
                        mover = dis1 
                        signo1 = "+" 
                    Else 
                        mover = dis2 
                        signo1 = "-" 



                    End If 
                End If 
 
            End If 
 
        End If 
        My.Settings.SaveAng1 = number1 
        My.Settings.SaveAng1_pos = pos1 
        My.Settings.SaveCuad1 = cuadrante1 
 
        mover = Convert.ToString(mover) 
        Return mover 
 
    End Function 
 
    Function analisisangulo2(ByVal number2 As Double) 
        Dim mover, aux1, aux2 As Double 
 
        aux1 = My.Settings.SaveAng2 
        aux2 = number2 - aux1 
        If (aux2 >= 0) Then 
            signo2 = "+" 
            mover = aux2 
        Else 
            signo2 = "-" 
            mover = aux2 * -1 
        End If 
        My.Settings.SaveAng2 = number2 
 
 
        mover = Convert.ToString(mover) 
        Return mover 
 
    End Function 
 
    Function analisisangulo3(ByVal number3 As Double) 
       Dim mover, aux1, aux2 As Double 
 
        aux1 = My.Settings.SaveAng3 
        aux2 = number3 - aux1 
        If (aux2 >= 0) Then 
            signo3 = "+" 
            mover = aux2 
        Else 
            signo3 = "-" 
            mover = aux2 * -1 
        End If 
        My.Settings.SaveAng3 = number3 
 
 
        mover = Convert.ToString(mover) 
        Return mover 
    End Function 
 
    Function analisisangulo4(ByVal number4 As Double) 
        Dim mover, aux1, aux2 As Double 
 
        aux1 = My.Settings.SaveAng4 
        aux2 = number4 - aux1 
        If (aux2 >= 0) Then 
            signo4 = "+" 
            mover = aux2 



        Else 
            signo4 = "-" 
            mover = aux2 * -1 
        End If 
        My.Settings.SaveAng4 = number4 
 
 
        mover = Convert.ToString(mover) 
        Return mover 
 
    End Function 
    Private Function conversoratrama(ByVal angulostr As Double) 
        Dim numberaux As String 
        numberaux = Convert.ToString(angulostr) 
        If (angulostr < 10) Then 
            numberaux = "00" & numberaux 
        Else 
            If (angulostr < 100) Then 
                numberaux = "0" & numberaux 
            Else 
                numberaux = numberaux 
            End If 
        End If 
        Return numberaux 
    End Function 
End Class 

  



Código Form3 
 
Public Class Form3 
    Dim StrBufferOut As String 
    Dim StrBufferIn As String 
    Private Sub btncalibrar_Click(sender As Object, e As EventArgs) Handles 
btncalibrar.Click 
        Dim a1, a2, a3, a4 As Double 
 
        '-------------------- Guardo X Y Z 
        My.Settings.SaveX = txtX.Text 
        My.Settings.SaveY = txtY.Text 
        My.Settings.SaveZ = txtZ.Text 
 
        '--------------------- Guardo ángulos 
        My.Settings.SaveAng1 = txtMotor1.Text 
        My.Settings.SaveAng2 = txtMotor2.Text 
        My.Settings.SaveAng3 = txtMotor3.Text 
        My.Settings.SaveAng4 = txtMotor4.Text 
        My.Settings.SaveAng1_pos = Math.Abs(Convert.ToDouble(txtMotor1.Text)) 
 
        a1 = txtMotor1.Text 
        a2 = txtMotor2.Text 
        a3 = txtMotor3.Text 
        a4 = txtMotor4.Text 
        '------------------------------ Actualizo valores en pantalla inicial 
        Form1.txtIniX.Text = txtX.Text 
        Form1.txtIniY.Text = txtY.Text 
        Form1.txtIniZ.Text = txtZ.Text 
 
        '------------------------------ Actualizo valores en pantalla de directa 
 
        Form2.txtX_i.Text = txtX.Text 
        Form2.txtY_i.Text = txtY.Text 
        Form2.txtZ_i.Text = txtZ.Text 
 
 
    End Sub 
     
 
    
 
    Private Sub detpos_Click(sender As Object, e As EventArgs) Handles 
detpos.Click 
        Dim matA(,), matB(,), matC(,), matD(,), matR(,), matF(,), matE(,), 
matTemp(,) As Double 
        '--  matE(,), matF(,) --> matriz 4ta y 5ta 
        Dim a, b, c, d, m, n As Integer 
        Dim angleRad1, angleRad2, angleRad3, angleRad4, angleRad5, angle1, 
angle2, angle3, angle4, angle5 As Double 
        'Dim temp As String 
        Dim al1, a1, d1 As Double 
        Dim al2, a2, d2 As Double 
        Dim al3, a3, d3 As Double 
        Dim al4, a4, d4 As Double 
        Dim al5, a5, d5 As Double 
        a = 3 'fila 
        b = 3 'columna 
        ReDim matA(a, b) 
        ReDim matB(a, b) 
        ReDim matC(a, b) 
        ReDim matE(a, b) 



        ReDim matF(a, b) 
        ' Llenar matriz A 
        al1 = Math.PI / 2 
        a1 = 0 
        d1 = 0.175 
        angle1 = txtMotor1.Text  ' o = motor1 
        angleRad1 = angle1 * Math.PI / 180 
        matA = llenarMatriz(al1, a1, d1, angleRad1) 
        ' Llenar matriz B 
        al2 = 0 
        a2 = 0.28 
        d2 = 0 
        angle2 = txtMotor2.Text 
        angleRad2 = angle2 * Math.PI / 180 
        matB = llenarMatriz(al2, a2, d2, angleRad2) 
        ' Llenar matriz C 
        al3 = 0 
        a3 = 0.28 
        d3 = 0 
        angle3 = txtMotor3.Text 
        angleRad3 = angle3 * Math.PI / 180 
        matC = llenarMatriz(al3, a3, d3, angleRad3) 
 
        ' Llenar matriz E 
        al4 = -Math.PI / 2 
        a4 = 0 
        d4 = 0 
        angle4 = txtMotor4.Text - 90 
        angleRad4 = angle4 * Math.PI / 180 
        matE = llenarMatriz(al4, a4, d4, angleRad4) 
 
        ' Llenar matriz F 
        al5 = 0 
        a5 = 0 
        d5 = 0.28 
        angle5 = 0 
        angleRad5 = angle5 * Math.PI / 180 
        matF = llenarMatriz(al5, a5, d5, angleRad5) 
 
        'Llenar matriz D 
        c = 3 
        d = 0 
        ReDim matD(c, d) 
        matD(0, 0) = 0 'llena matriz D 
        matD(1, 0) = 0 
        matD(2, 0) = 0 
        matD(3, 0) = 1 
 
        m = a 'Dimesión de matriz matTemp 
        n = b 
        ReDim matTemp(m, n) 
 
        matTemp = cacularMultiplicacion(a, b, matA, a, b, matB) 
        matTemp = cacularMultiplicacion(a, b, matTemp, a, b, matC) 
        matTemp = cacularMultiplicacion(a, b, matTemp, a, b, matE) 
        matTemp = cacularMultiplicacion(a, b, matTemp, a, b, matF) 
 
        m = a 
        n = d 
 
        ReDim matR(m, n) 
        matR = cacularMultiplicacion(a, b, matTemp, c, d, matD) 



 
        'imprimir en nuevas celdas 
        txtX.Text = matR(0, 0) 
        txtY.Text = matR(1, 0) 
        txtZ.Text = matR(2, 0) 
 
        txtX.Text = matR(0, 0) 
        txtY.Text = matR(1, 0) 
        txtZ.Text = matR(2, 0) 
 
    End Sub 
    '--------------------- 
 
 
    Private Function llenarMatriz(ByVal al As Double, ByVal a As Double, ByVal d 
As Double, ByVal motor As Double) 
        Dim matTem As Double(,) 
        ReDim matTem(3, 3) 
        matTem(0, 0) = Math.Cos(motor) 
        matTem(0, 1) = -1 * Math.Cos(al) * Math.Sin(motor) 
        matTem(0, 2) = Math.Sin(al) * Math.Sin(motor) 
        matTem(0, 3) = a * Math.Cos(motor) 
        matTem(1, 0) = Math.Sin(motor) 
        matTem(1, 1) = Math.Cos(al) * Math.Cos(motor) 
        matTem(1, 2) = -1 * Math.Sin(al) * Math.Cos(motor) 
        matTem(1, 3) = a * Math.Sin(motor) 
        matTem(2, 0) = 0 
        matTem(2, 1) = Math.Sin(al) 
        matTem(2, 2) = Math.Cos(al) 
        matTem(2, 3) = d 
        matTem(3, 0) = 0 
        matTem(3, 1) = 0 
        matTem(3, 2) = 0 
        matTem(3, 3) = 1 
        Return matTem 
    End Function 
    Private Function cacularMultiplicacion(ByVal a As Integer, ByVal b As 
Integer, ByVal matA As Double(,), ByVal c As Integer, ByVal d As Integer, ByVal 
matB As Double(,)) 
        Dim matr As Double(,) 
        Dim temp, sum As Double 
        sum = 0 
        ReDim matr(a, d) 
        a = a + 1 
        d = d + 1 
        For fil = 0 To a - 1 'Fila 1' 
            For col = 0 To d - 1 
                For k = 0 To a - 1 'Fila de matriz 2 
                    sum = sum + matA(fil, k) * matB(k, col) 
                Next 
                temp = Math.Round(sum, 7) 
                matr(fil, col) = temp 
                sum = 0 
            Next 
        Next 
        Return matr 
    End Function 
 
 
End Class 

 



ANEXO 18: Gráficas de la sintonización en Simulink de los motores M1, M2, M3 y M4 

 

 

Sintonización del motor M1 

 

 

Sintonización del motor M2 

 

 



 

Sintonización del motor M3 

 

 

Sintonización del motor M4 

 

 

 

 


