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2‘1 PUMA 560 Kinematics Structure
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-4 The Denavit and Hartenberg

(D-H) convention

a; = the distance from Zi to Zi+1 measured along )2,-;
o; = the angle from Zi to 2i+1 measured about Xi;
d; = the distance from Xi_l to Xi measured along 21'? and

0; = the angle from X;_; to X; measured about Z;.
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The Transformation Matrices
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3 The Direct Kinematics

ryy = c1[ey3(Cacscs — 5485) — Sp385Cs) + 51(54¢5C6 + C456),
11 = $1lea3(cycsce — 5456) — $2385€6 — €1(84¢5C6 + CyS6)s

131 = —523(€4C5Cs — 8456) — €2385Cs;

r1g = €11€3(—C4C586 — 54C6) + 82385561 + 51 (C4¢6 — S4€556),
1o = $1lep3(—cyc55 — 54¢6) 4 52355561 — €1(c4C6 — 54¢556)

r3p = —853(—C4C586 — 54C6) + C335556,

i3 = —Cl(C23C455 + S23C5) — 815455,
123 = —51(C236455 + 523€5) + €15485,

T'33 = §73C455 — C93C5,

Py = ¢lapcy 4 a3cy3 — dysy3] — dssy,
Py =95 [aycy + azcy3 — dysys] + dseyq,

Py = 3533 — x5y — dyCp3.
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» ' Non-unique Solutions of Inverse Kinematics
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i The Jacobians

y1 = f1(xg, X9, X3, X4, X5, Xg), 8y = %le + %sxz +-- 4 %Sxﬁ,
Y2 = f200, 32 B0 4, %5, X), 8y, = %‘Sﬁ + %‘3’% P %m,
%6 = Jolx1, %, %3, 34 %5, Xg)- 3fe afs afs
8ys = EEXI + Eéxz 4+t Esxﬁ’
Y = F(X). 5Y = gsx.
§Y = J(X)8X. Y = J(XX.

0y =05@0, 6 = s (@)
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Sample MATLAB code for calculate inverse kinematic of left arm of HOAP-2 robot

function bodyJoints = inverseKinectmatic(data)

¢Note that these codes looks dumb, because I just want to get it done!

$Load Denavit-Hartenberg Parameters of the robot
load HOAP2KinematicModel

pose = getJointStructXYZ(data);
%$Cal IK for left arm

%Cal tranformation matrix of the neck with respect to the world
T armRef = getArmRefFrame(data);

%Cal tranformation matrix of arm jointO
armJoint0.d = norm(pose.arm.L.shoulder - pose.neck);
T AJO0 = getTransformaitonMatrix(armJoint0);

jointsXYZ = [pose.arm.L.elbow pose.arm.L.hand];

%Calculate local joint postions with resepect to shoulder frame
jointsXYZLocal = invT(T_armRef * T AJO) * [JjointsXYZ; ones(1l,2)];
jointsXYZLocal(4,:) = []1;

r = jointsXYZLocal(:,1l);

%Calculate jointl and joint2 (shoulder joints) by using spherical
coordinate system

¢conversion formulae

jointl = rad2deg(atan2(r(2),r(l)));

joint2 = rad2deg(acos(r(3)/norm(r)));

joint2 = 180 - joint2;

%Cal2culate the elbow joint by using the cosine's law
C = norm(jointsXYZLocal(:,2));

12 = norm(jointsXYZLocal(:,2)-jointsXYZLocal(:,1));

11 = norm(jointsXYZLocal(:,1));

joint4 = -rad2deg(acos((C"2 - 1172 - 1272)/(2*12*11)));

o

This method of calculating joint3 is commented out because it creates
discontinuity in the solution

$Calculate joint3 from analytic IK solution

joint3 = acosd(-(- ll*cosd(joint2) - 1l2*cosd(joint2)*cosd(joint4) -
jointsXYZLocal(3,2))/(- 1l2*sind(joint2)*sind(joint4)));
% %Check value of joint3, 'coz the cosine function in MATLAB only
defined

$ %from 0 to pi. Joint3 can be -pi to - 2*pi.

o0 oo

o



Sample MATLAB code for calculate inverse kinematic of left arm of HOAP-2 robot

oo

hand y = 1ll*sind(jointl)*sind(joint2) + 12*sind(joint4)*(cosd(jointl)
sind(joint3)...
- sind(jointl)*cosd(joint2)*cosd(joint3)) + 12*sind(jointl)*cosd
joint4)*sind(joint2);
if (abs(hand y-jointsXYZLocal(2,2))>0.0001)
joint3 = -joint3;
end

o0 —~ o° X

oo

oo

¢Update the transformation matrices of jointl and joint2
armJointl.theta = jointl;

armJoint2.theta = joint2;

T AJ]l = getTransformaitonMatrix(armJointl);

T AJ2 = getTransformaitonMatrix(armJoint2);

%Calculate the hand postion with resepect to the transformation matrix
of joint 4

hand T3 = invT(T armRef * T AJO * T AJ1 * T AJ2 * T AJ3) * [jointsXYZ(:,
2); 11;

$This part is for handling numerical error
if (abs(hand T3(2))<0.0001)
hand T3(2) = 0;
end
if (abs(hand T3(1))<0.0001)
hand T3(1) = 0;
end

$Calculate joint3 by using a simple atan formular since the forarm is
now

%appeared to be a vector that is pointing out of the origin of frame 3
joint3 = rad2deg(atan2(hand T3(2),hand T3(1))) + 90;

bodyJoints.arm.L.jointl = jointl;
bodyJoints.arm.L.joint2 = joint2;
bodyJoints.arm.L.joint3 = joint3;
bodyJoints.arm.L.joint4 = joint4;
bodyJoints.arm.L.joint5 = 0;
bodyJoints.arm.L.linkl = armJoint0.d;
bodyJoints.arm.L.link2 11;
bodyJoints.arm.L.1link3 12;



