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OpenManipulator Parameter Symbols

symet 1112131415 1cllc2lcdlcEnmnmminb 1121415 g tenp real

% ut put based on el bow up or down configuration:
el b _pos = input('Enter el bow position (0 - el bow down, 1 - el bow

up):');

thetaO = str2sym('thetaO(t)"');
thetal = str2sym('thetal(t)"');
theta2 = str2sym('theta2(t)"');
theta3 = str2sym('theta3(t)"');

Error using input
Cannot call | NPUT from EVALC.

Error in MCG Cal c_QOpen_Mani pul ator (line 24)
el b_pos = input('Enter el bow position (0 - el bow down, 1 - el bow

up):');

Position Vectors

9X(:,1) thetaO
9X(:,2) thetal




"X(:,3) theta2
9X(:,4) theta3

%Joint 1 CG Position (Theta 0)
pl =[0; 0; lc1];

%Joint 2 CG Position (Theta 1)
p2 = [(lc2.*cos(thetal))*cos(thetal); (lc2.*cos(thetal))*sin(thetal);l1
+ lc2.*sin(thetal)];

if (elb_pos == 1)

%Joint 3 CG Position (Theta 2) ELBOW UP

p3 = [(l12.*cos(thetal)+l 3. *cos((pi/?2)-
(thetal)))*cos(thetaO)+(lc4.*cos(theta2+((pi/2)-
thetal))*cos(cos(theta0))); (l2.*cos(thetal)+l 3.*cos((pi/2)-
(thetal)))*sin(thetaO)+(lc4.*cos(theta2+((pi/2)-
thetal))*cos(sin(theta0)));l1 + |2.*sin(thetal)-I3.*sin((pi/2)-
(thetal))-(lc4.*sin(theta2+((pi/2)-thetal)))];

%End- Ef fector CG Position (Theta 3) ELBOW UP

p4 = [(l12.*cos(thetal)+l 3. *cos((pi/?2)-
(thetal)))*cos(thetaO)+(l4.*cos(theta2-((pi/2)-

t hetal))*cos(cos(thetal)))+(lc5.*cos(theta2+((pi/?2)-
thetal))*cos(theta0)); (l2.*cos(thetal)+l 3.*cos((pi/2)-
(thetal)))*sin(thetaO)+(l4.*cos(theta2-((pi/2)-
thetal))*cos(sin(thetal)))+(lc5.*cos(theta2+((pi/?2)-
thetal))*sin(theta0));l1 + | 2.*sin(thetal)-I3.*sin((pi/2)-
(thetal))+(14.*sin(theta2-((pi/2)-thetal)))];

end
if (elb_pos == 0)

%Joint 3 CG Position (Theta 2) ELBOW DOMWN

p3 = [(l12.*cos(thetal)+l 3. *cos((pi/?2)-
(thetal)))*cos(thetaO)+(lc4.*cos(theta2-((pi/2)-
thetal))*cos(cos(theta0))); (l2.*cos(thetal)+l 3.*cos((pi/2)-
(thetal)))*sin(thetaO)+(lc4.*cos(theta2-((pi/2)-
thetal))*cos(sin(theta0)));l1 + |2.*sin(thetal)-I3.*sin((pi/2)-
(thetal))+(lc4.*sin(theta2-((pi/2)-thetal)))];

%End- Ef fector CG Position (Theta 3) ELBOW DOWN

p4 = [(l12.*cos(thetal)+l 3. *cos((pi/?2)-
(thetal)))*cos(thetaO)+(l4.*cos(theta2-((pi/2)-

t hetal))*cos(cos(thetal)))+(lc5.*cos(theta2-((pi/?2)-
thetal))*cos(theta0)); (l2.*cos(thetal)+l 3.*cos((pi/2)-
(thetal)))*sin(thetaO)+(l4.*cos(theta2-((pi/2)-

t hetal))*cos(sin(thetal)))+(lc5.*cos(theta2-((pi/?2)-
thetal))*sin(theta0));l1 + | 2.*sin(thetal)-I3.*sin((pi/?2)-
(thetal))+(14.*sin(theta2-((pi/2)-thetal)))];

end




State Variable Derivatives

% Find the derivative of the state variables to be used as synbols in
% further conputation

t hetaOdot = diff(thetaO,t);
thetaldot = diff(thetal,t);
t heta2dot = diff(theta2,t);
theta3dot = diff(theta3,t);
% Vel ocity

pldot = diff(pl,t); %l

p2dot = diff(p2,t); %2
p3dot = diff(p3,t); %3
pddot = diff(p4,t); w4

% Cal cul at e Kinetic Energy

T1 = (1/2)*ml*(pldot.' *pldot); + ((1/2)*I1*theta0Odot."2);
T2 = (1/2)*nm@*(p2dot.' *p2dot); + ((1/2)*I2*thetaldot."2);
T3 = (1/2)*ma*(p3dot.' *p3dot); + ((1/2)*I4*theta2dot."2);
T4 = (1/2)*nb*(padot.' *padot); + ((1/2)*I5*theta3dot."2);

T=T1+ T2 + T3 + T4,

% Cal cul ate Potential Energy
V1 = nil*g*pl(3);

V2 = n2*g*p2(3);
V3 = mi*g*p3(3);
V4 = nb*g*p4(3);

V =Vl + V2 + V3 + V4,

% Lagr angi an
L=T-V

% Use this synbolic variable to keep state variables' synbols intact
% for readability

tenp = syn('tenp');

% Conput e required derivations for Lagrangi an Equations

dLdt het a0 = subs(diff(subs(L,thetaO,tenp),tenmp),tenp,thetal);
dLdt hetal = subs(diff(subs(L,thetal,tenp),tenmp),tenp,thetal);
dLdt het a2 = subs(diff(subs(L,theta2,tenp),tenmp), tenp,theta2);
dLdt het a3 = subs(diff(subs(L,theta3,tenp),tenmp), tenp,thetal);

dLt het aOdot =
subs(di ff(subs(L,diff(thetaO,t),tenmp),tenp),tenmp,diff(thetal,t));
dLt het aldot =
subs(di ff(subs(L,diff(thetal,t),tenmp),tenp),tenmp,diff(thetal,t));
dLt het a2dot =
subs(di ff(subs(L,diff(theta2,t),tenmp),tenp),tenmp,diff(theta2,t));
dLt het a3dot =
subs(di ff(subs(L,diff(theta3,t),tenmp),tenp),tenmp,diff(theta3,t));




di ffeq0 = di ff(dLt hetaOdot,t) - dLdthetaO;
diffeql = diff(dLthetaldot,t) - dLdthetal
diffeg2 = di ff(dLtheta2dot,t) - dLdtheta2;
di ffeq3 = di ff(dLtheta3dot,t) - dLdtheta3;

torques = [sinmplify(diffeqO); sinplify(diffeql); sinplify(diffeq2);
simplify(diffeq3)]

% Conpact form

MLO = sinmplify((torques(l) - subs(torques(l),diff(thetaO,t,t),0))/
diff(thetaO,t,t));
MLl = sinmplify((torques(l) - subs(torques(l),diff(thetal,t,t),0))/
diff(thetal, t,t));
ML2 = sinmplify((torques(l) - subs(torques(l),diff(theta2,t,t),0))/
diff(theta2,t,t));
ML3 = sinmplify((torques(l) - subs(torques(l),diff(theta3,t,t),0))/
diff(theta3, t,t));

MO = sinmplify((torques(2) - subs(torques(2),diff(thetaO,t,t),0))/
diff(thetaO,t,t));
M1 = simplify((torques(2) - subs(torques(2),diff(thetal,t,t),0))/
diff(thetal, t,t));
M2 = simplify((torques(2) - subs(torques(2),diff(theta2,t,t),0))/
diff(theta2,t,t));
M3 = simplify((torques(2) - subs(torques(2),diff(theta3,t,t),0))/
diff(theta3, t,t));

MBO = sinmplify((torques(3) - subs(torques(3),diff(thetal,t,t),0))/
diff(thetaO,t,t));
MB1 = sinmplify((torques(3) - subs(torques(3),diff(thetal,t,t),0))/
diff(thetal, t,t));
M32 = simplify((torques(3) - subs(torques(3),diff(theta2,t,t),0))/
diff(theta2,t,t));
MB3 = simplify((torques(3) - subs(torques(3),diff(theta3,t,t),0))/
diff(theta3, t,t));

MAO = sinmplify((torques(4) - subs(torques(4),diff(thetaO,t,t),0))/
diff(thetaO,t,t));
Ma1 = sinmplify((torques(4) - subs(torques(4),diff(thetal,t,t),0))/
diff(thetal, t,t));
Ma2 = sinmplify((torques(4) - subs(torques(4),diff(theta2,t,t),0))/
diff(theta2,t,t));
M3 = simplify((torques(4) - subs(torques(4),diff(theta3,t,t),0))/
diff(theta3, t,t));

M= [MO M1 M2 ML3; M20 M21 MR2 MR3; MBO MB1 MB2 MB3; M40 M4l MA2
3] ;

G = subs(torques,
{diff(thetaO,t,t),diff(thetal,t,t),diff(theta2,t,t),diff(theta3,t,t),diff(thetal
diff(thetal,t),diff(theta2,t),diff(theta3,t,t)},{0,0,0,0,0,0,0,0});




Cl = sinplify(torques(1) - (M1,:)*[diff(thetal,t,t) diff(thetal,t,t)
diff(theta2,t,t) diff(theta3,t,t)].' +31)));
C2 =sinplify(torques(2) - (M2,:)*[diff(theta0l,t,t) diff(thetal,t,t)
diff(theta2,t,t) diff(theta3,t,t)].' +32)));
C3 =sinplify(torques(3) - (M3,:)*[diff(thetal,t,t) diff(thetal,t,t)
diff(theta2,t,t) diff(theta3,t,t)]." +x3)));
C4 = sinplify(torques(4) - (M4,:)*[diff(thetal,t,t) diff(thetal,t,t)
diff(theta2,t,t) diff(theta3,t,t)].' +34)));

C=1[Cl C2; C3 C4;

Published with MATLAB® R2018b




	Table of Contents
	
	OpenManipulator Parameter Symbols
	Position Vectors
	State Variable Derivatives

