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8.ANEXOS 
 
%PUMA560 Load kinematic and dynamic data for a Puma 560 manipulator 

% 

% Defines the matrix 'p560' which describes the kinematic and dynamic 

% characterstics of a Unimation Puma 560 manipulator. 

% Specifies armature inertia and gear ratios. 

% 

% See also DH, DYN, TWOLINK, STANFORD. 

 

% 

% Notes: 

%    - the value of m1 is given as 0 here.  Armstrong found no value for it 

% and it does not appear in the equation for tau1 after the substituion 

% is made to inertia about link frame rather than COG frame. 

% updated: 

% 2/8/95  changed D3 to 150.05mm which is closer to data from Lee, AKB86 and Tarn 

%  fixed errors in COG for links 2 and 3 

% 29/1/91 to agree with data from Armstrong etal.  Due to their use 

%  of modified D&H params, some of the offsets Ai, Di are 

%  offset, and for links 3-5 swap Y and Z axes. 

% 14/2/91 to use Paul's value of link twist (alpha) to be consistant 

%  with ARCL.  This is the -ve of Lee's values, which means the 

%  zero angle position is a righty for Paul, and lefty for Lee. 

%  Note that gravity load torque is the motor torque necessary 

%  to keep the joint static, and is thus -ve of the gravity 

%  caused torque. 

% 

% 8/95 fix bugs in COG data for Puma 560. This led to signficant errors in 

%  inertia of joint 1.  

% 

 

% Copright (C) Peter Corke 1990 

 

% alpha A theta D sigma m rx ry rz Ixx Iyy

 Izz Ixy Iyz Ixz Jm G B Tc+ Tc- 

p560 = [ 

pi/2 0 0 0 0 0 0 0 0 0 0.35 0

 0 0 0 200e-6 -62.6111 1.48e-3 .395 -.435 

0 .4318 0 0 0 17.4 -.3638 .006 .2275 .13 .524 .539

 0 0 0 200e-6 107.815 .817e-3 .126 -.071 

-pi/2 .0203 0 .15005 0 4.8 -.0203 -.0141 .070 .066 .086 .0125

 0 0 0 200e-6 -53.7063 1.38e-3 .132 -.105 

pi/2 0 0 .4318 0 0.82 0 .019 0 1.8e-3 1.3e-3 1.8e-3

 0 0 0 33e-6 76.0364 71.2e-6 11.2e-3 -16.9e-3 

-pi/2 0 0 0 0 0.34 0 0 0 .3e-3 .4e-3 .3e-3

 0 0 0 33e-6 71.923 82.6e-6 9.26e-3 -14.5e-3 
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0 0 0 0 0 .09 0 0 .032 .15e-3 .15e-3 .04e-3

 0 0 0 33e-6 76.686 36.7e-6 3.96e-3 -10.5e-3 

]; 

 

% 

% some useful poses 

% 

qz = [0 0 0 0 0 0]; % zero angles, L shaped pose 

qr = [0 pi/2 -pi/2 0 0 0]; % ready pose, arm up 

qstretch = [0 0 -pi/2 0 0 0]; 

 

 

%TR2ROTVEC Convert a homogeneous transform matrix to a rotation about an axis 

% 

% [VEC ANGLE] = TR2ROTVEC(TR) returns a rotation pair (vector and angle 

corresponding 

% to the rotational part of the homogeneous transform TR. 

% 

% See also  ROTVEC 

 

% Copright (C) A. Romeo 2012 

function [vec,angle] = tr2rotvec(m) 

  

 vec = zeros(1,3); 

 

    angle = atan(sqrt((m(3,2)-m(2,3))^2 + (m(1,3)-m(3,1))^2 + (m(2,1)-m(1,2))^2) / (m(1,1) + 

m(2,2) + m(3,3) - 1)); 

 if abs(angle) > eps 

        senangle=sin(angle); 

  vec(1) = (m(3,2)-m(2,3))/(2*senangle); 

  vec(2) = (m(1,3)-m(3,1))/(2*senangle); 

  vec(3) = (m(2,1)-m(1,2))/(2*senangle); 

 end 

 

 

%PLOTBOT Graphical robot animation 

% 

% PLOTBOT(DH, Q) 

% PLOTBOT(DH, Q, OPT) 

% 

% produces a graphical animation of a robot from a 

% description of the kinematics, DH, and a joint trajectory Q. 

% For an n-axis manipulator Q is mxn for an m-point trajectory. 

% 

% OPT is a character string which may contain the following letters: 

%  l leave trail, that is, dont erase the previous pose 

%  w don't draw the wrist axes 
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%  r repeat, play the animation 50 times 

%  b<value> set the height of the robot's base in Z.  Must 

%   be the last argument. 

% 

% See also FKINE, DH. 

 

% Copright (C) Peter Corke 1993 

%  Cambio clg por clf Sept-2000 Josechu Guerrero 

 

% MOD.HISTORY 

% 12/94 make axis scaling adjust to robot kinematic params 

function plotbot(dh, q, opt) 

 np = numrows(q); 

 n = numrows(dh); 

 

 

 if numcols(q) ~= n, 

  error('Insufficient columns in q') 

 end 

 

 erasemode = 'xor'; 

 wrist = 1; 

 repeat = 1; 

 base = 0.0; 

 

 % 

 % options 

 % 

 if nargin == 3, 

  mopt = size(opt,2); 

  for i=1:mopt, 

   if (opt(i) == 'l'), erasemode = 'none'; end; 

   if (opt(i) == 'w'), wrist = 0; end; 

   if (opt(i) == 'r'), repeat = 50; end; 

   if (opt(i) == 'b'), 

     base = str2num(opt(i+1:mopt)); 

     break; 

    end; 

  end; 

 end; 

 % 

 % simple heuristic to figure the maximum reach of the robot 

 % 

 reach = sum(abs(dh(:,2))) + sum(abs(dh(:,4))); 

 

 % 

  % setup an axis in which to animate the robot 

 % 
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 clf 

 axis([-reach reach -reach reach -reach reach]); 

 figure(gcf);  % bring to the top 

 xlabel('X') 

 ylabel('Y') 

 zlabel('Z') 

 set(gca, 'drawmode', 'fast'); 

 grid 

 line('xdata', [0;0], 'ydata', [0;0], 'zdata', [-reach;base], 'color', 'magenta'); 

  

 % create a line which we will 

 % subsequently modify.  Set erase mode to xor for fast 

 % update 

 % 

 hr = line('color', 'yellow', 'erasemode', erasemode); 

 if wrist,  

  hx = line('xdata', [0;0], 'ydata', [0;0], 'zdata', [0;base], ... 

   'color', 'red', 'erasemode', 'xor'); 

  hy = line('xdata', [0;0], 'ydata', [0;0], 'zdata', [0;base], ... 

    'color', 'green', 'erasemode', 'xor'); 

  hz = line('xdata', [0;0], 'ydata', [0;0], 'zdata', [0;base], ... 

    'color', 'blue', 'erasemode', 'xor'); 

 

  mag = reach/10; 

 end 

 

 for r=1:repeat, 

     for p=1:np, 

  % for every trajectory point 

 

  x = 0; 

  y = 0; 

  z = base; 

  % compute the link transforms, and record the origin of each frame 

  % for the animation. 

  t = [eye(3,3) [0;0;base];0 0 0 1]; 

  for j=1:n, 

   t = t * linktran(dh(j,:), q(p,j)); 

   x = [x; t(1,4)]; 

   y = [y; t(2,4)]; 

   z = [z; t(3,4)]; 

  end 

  

  if wrist, 

   % 

   % compute the wrist axes 

   % 

   xv = t*[mag;0;0;1]; 
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   yv = t*[0;mag;0;1]; 

   zv = t*[0;0;mag;1]; 

 

   % 

   % update the line segments, wrist axis and links 

   % 

   set(hx,'xdata',[t(1,4) xv(1)], 'ydata', [t(2,4) xv(2)], ... 

    'zdata', [t(3,4) xv(3)]); 

   set(hy,'xdata',[t(1,4) yv(1)], 'ydata', [t(2,4) yv(2)], ... 

     'zdata', [t(3,4) yv(3)]); 

   set(hz,'xdata',[t(1,4) zv(1)], 'ydata', [t(2,4) zv(2)], ... 

     'zdata', [t(3,4) zv(3)]); 

  end 

   

  set(hr,'xdata', x, 'ydata', y, 'zdata', z); 

   

  drawnow 

     end 

 end 

 

 

%JACOBN Compute manipulator Jacobian in end-effector frame 

% 

% JACOBN(DH, Q) returns a Jacobian matrix for the current pose Q. 

% 

%  The manipulator Jacobian matrix maps differential changes in joint space 

% to differential Cartesian motion of the end-effector. 

%   dX = J dQ 

% 

% This function uses the technique of 

%  Paul, Shimano, Mayer 

%  Differential Kinematic Control Equations for Simple Manipulators 

%  IEEE SMC 11(6) 1981 

%  pp. 456-460 

% 

% For an n-axis manipulator the Jacobian is a 6 x n matrix. 

% 

% See also DIFF2TR, TR2DIFF, DIFF 

 

% Copyright (C) Peter Corke 1993 

function J = jacobn(dh, q) 

 J = []; 

 n = numrows(dh); 

  

 T = eye(4,4); 

 for i=n:-1:1, 

  T = linktran(dh(i,:), q(i)) * T; 

  if dh(i,5) == 0, 
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   % revolute axis 

   d = [ -T(1,1)*T(2,4)+T(2,1)*T(1,4) 

    -T(1,2)*T(2,4)+T(2,2)*T(1,4) 

    -T(1,3)*T(2,4)+T(2,3)*T(1,4)]; 

   delta = T(3,1:3)'; % nz oz az 

  else 

   % prismatic axis 

   d = T(3,1:3)';  % nz oz az 

   delta = zeros(3,1); %  0  0  0 

  end 

  J = [[d; delta] J]; 

 end 

 

 

%JACOB0 Compute manipulator Jacobian in world coordinates 

% 

% JACOB0(DH, Q) returns a Jacobian matrix for the current pose Q. 

% 

%  The manipulator Jacobian matrix maps differential changes in joint space 

% to differential Cartesian motion (world coord frame) of the end-effector. 

%   dX = J dQ 

% 

% For an n-axis manipulator the Jacobian is a 6 x n matrix. 

% 

% See also JACOBN, DIFF2TR, TR2DIFF, DIFF 

 

% Copyright (C) Peter Corke 1993 

function J0 = jacob0(dh, q) 

 % 

 %   dX_tn = Jn dq 

 % 

 Jn = jacobn(dh, q); % Jacobian from joint to wrist space 

 

 % 

 %  convert to Jacobian in base coordinates 

 % 

 Tn = fkine(dh, q); % end-effector transformation 

 J0 = [Tn(1:3,1:3) zeros(3,3); zeros(3,3) Tn(1:3,1:3)] * Jn; 

 

 

%FKINE  Forward robot kinematics for serial link manipulator 

% 

% FKINE(DH, Q)  computes the forward kinematics for each joint space 

% point defined by Q.  DH describes the manipulator kinematics in standard 

% Denavit Hartenberg notation. 

% 

% DH has one row of kinematic parameters for each axis.  Each row is of 
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% the form 

%  [alpha A theta D] for an all revolute manipulator 

% or [alpha A theta D sigma] for a mixed revolute/hybrid manipulator 

% 

% For an n-axis manipulator Q is an n element vector or an m x n matrix. The 

% elements are interpretted as joint angle or link length according to 

% the form of DH or the j'th sigma value (0 for revolute, other for prismatic). 

%  

% If Q is a vector it is interpretted as the generalized joint coordinates, and 

% FKINE(DH, Q) returns a 4x4 homogeneous transformation for the final link of 

% the manipulator. 

% 

% If Q is a matrix, the rows are interpretted as the generalized  

% joint coordinates for a sequence of points along a trajectory.  Q(i,j) is 

% the j'th joint parameter for the i'th trajectory point.  In this case 

% FKINE(DH, Q) returns an m x 16 matrix with each row containing a 'flattened'  

% homogeneous transform corresponding to the input joint state.  A row can  

% be unflattened using reshape(v, 4, 4). 

% 

% See also LINKTRAN, MFKINE. 

 

% Copright (C) Peter Corke 1993 

 

function t = fkine(dh, q) 

 % 

 % evaluate fkine for each point on a trajectory of  

 % theta_i or q_i data 

 % 

 

 n = numrows(dh); 

 

 if length(q) == n, 

  t = eye(4,4); 

  for i=1:n, 

   t = t * linktran(dh(i,:), q(i)); 

  end 

 else 

  if numcols(q) ~= n, 

   error('bad data') 

  end 

  t = []; 

  for qv=q',  % for each trajectory point 

   tt = eye(4,4); 

   for i=1:n, 

    tt = tt * linktran(dh(i,:), qv(i)); 

   end 

  t = [t; tt(:)']; 

  end 
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 end 

 

 

%DIFF2TR Convert a differential to a homogeneous transform 

% 

% DIFF2TR(D) returns a homogeneous transform representing differential 

% translation and rotation. 

% 

% See also TR2DIFF, DIFF 

 

 

% Copyright (C) Peter Corke 1993 

%  Bug: Corregido Sept 2000, Josechu Guerrero 

 

function t = diff2tr(d) 

 t =[ 1 -d(6) d(5) d(1) 

  d(6) 1 -d(4) d(2) 

  -d(5) d(4) 1 d(3) 

  0 0 0 1 ]; 

 

 

 

 

 

 














