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—. MATLAB &5

SRAFEF- IR 1 ¥ R %L subproblem:

function solution = subprobleml(w,r,p,q)
u=mp - r; % UL E—5S r JERER N E
v=gqg-r;
u_proj = u - wkw'*u; % MG R
v_proj = v - w¥w'*v;

if u_proj ==
disp('[ TR 1] LT 2" );
end
a = w'*(cross(u_proj,v_proj)); % ILIH LA X

b = u_proj'*v_proj; % ULIHBLAE 5%
solution = atan2d(a,b); % RiiiEV]
end

SRAFEF- IR 2 1Y) R 54 subproblem?:

function solution = subproblem2(wl,w2,r,p,q)
us=op - r; % BHIEE RO RGP A &
v=gqg-r;
alpha = (dot(wl,w2)*dot(w2,u) - dot(wl,v))/(dot(wl,w2)”*2 - 1);
beta = (dot(wl,w2)*dot(wl,v) - dot(w2, )/ dot(wl,w2)"2 - 1);
gamma_sq = (dot(u,u) - alpha”2 - beta”2 -
2*alpha*beta*dot(wl,w2))/norm(cross(wl w2))"2; % It gamma [1F1°FJ5
if gamma_sq < ©
solution = [];
disp('[ 7RI 2] Jofii” )

return
end
gammal = sqrt(gamma_sq);
gamma2 = -gammal;

z1 = alpha*wiX + beta*w2 + gammal*cross(wl,w2);
z2

alpha*wl + beta*w2 + gamma2*cross(wl,w2);

i£.011(z1 == z2)
cl =21 + r;
thetal
theta2

subprobleml(-wl,r,q,cl);

subprobleml(w2,r,p,cl);

disp('[FIRIfH 2] TAAEME—fR")
solution = [thetal; theta2];

else

cl =21 + r;



thetall
theta2l

subprobleml(-wl,r,q,cl);

subprobleml(w2,r,p,cl);

c2 =22 + r;
thetal2
theta22 = subprobleml(w2,r,p,c2);
disp('[FINE 2] fA/EP4LfR")

solution = [thetall thetal2; theta2l theta22];

subprobleml(-wl,r,q,c2);

end

end

KA IR 3 1) B%1 %k subproblem3:

function solution = subproblem3(w, r, p, q, delta)
u=p-r;
v=gqg-r;

u_proj = u - w*w'*u;

v_proj = v - w¥*w'*v;

dp_sq = delta”2 - abs(dot(w,p-q))"2;
valuel = dot(w,cross(u_proj,v_proj));
value2 = dot(u_proj,v_proj);

value3

(dot(u_proj,u_proj) + dot(v_prej,v_proj) -
dp_sq)/(2*norm(u_proj)*norm(v_proj));
theta® = atan2d(valuel,value2);
if value3 ==
disp('[FIN8 3] fA7EME—fR")
solution = thetao;
return;
elseif abs(value3d) » 1
disp('[F 3] JTfit")
solution = [];
return;
end
theta. = theta® + acosd(value3l);
theta2 = theta® - acosd(value3l);
disp('[FlH@ 3] FAAEM4LE")
solution = [thetal theta2];

WHE B2 55— Mgk kine6s_1.m, X 2 — & 73 1) 3 B o 1) 7 HE H s

% AUTHOR: Wu Junda
%

% ABSTRACT: inverse kinematics (for 6-axis robot)



NI

INPUT: go offset, 4X4 matrix
g st end-effector config., 4X4 matrix
config  1X22 list, 1-4: length of links;

5-10: a point from each axis

SN

11-16: vector along each axis

NS

17-22: range of displacement of each axis

IR

OUTPUT: theta displacement of joints, 1xN vector,

e

unit: (for this problem) deg

NS

function theta = Ikine6s_1(g@,g_st,config)
L1 = config{1}; L2 = config{2}; L3 = config{3}; L4
ql = config{5}; q2

config{4};
configf8},

config{6}; q3 = config{7}; q4
g5 = config{9}; g6 = config{1e};

wl = config{11}; w2 = config{12}; w3 = config{13}; w4 = con¥ig{14};
w5 = config{15}; w6 = config{16};

thetal_range

config{17}; theta2_range = configf1?};
config(2Q};

contig{22};

theta3_range = config{19}; thetad_range

theta5_range = config{21}; theta6_range

xil = [-cross(wl,ql); wl];

xi2 = [-cross(w2,q2); w2];

xi3 = [-cross(w3,q3); w3];

xi4 = [-cross(w4,q4); wa];

xi5 = [-cross(w5,q5); w5];

xi6 = [-cross(w6,q6); wé6]:

gd = g st/go;

pw = [0 © L1+LZ+L2]"'; % wrist center
pb = [0 @ 11]"'; % base center

theta = [];

disp("--------- Start to solve IK problem--------- ");

disp("initial position: ");
disp(ge);

disp("target position: ");
disp(g_st);

% STEP1: solve for theta3
d = gd*[pw; 1] - [pb; 1];
delta = norm(d);



solution
solution

for 1 =
thet
if t

end

g3 =
g3 1

% ST
q:
if a
else

end

for

1 = subproblem3(w3, g3, pw, pb, delta);
1 = [solutionl, solutionl+360, solutionl-360];

1:length(solutionl)
a3 = solutionl(i);
heta3 < theta3_range(1l) || theta3 > theta3_range(2)

continue

Transformation(xi3, theta3);

nv = inv(g3);

EP2: solve for thetal
gd*[pw; 1];

tan2d(q(2),q(1))<=0
solution2 = [atan2d(q(2),q(1)), atan2d(q(2),q(1))+283]"
solution2 = [atan2d(q(2),q(1)), atan2d(q(2),qf'))-180];

j = 1:size(solution2,2)

thetal = solution2(1,j);

if thetal < thetal_range(l) || :he:al > thetal_range(2)
continue

end

gl = Transformation(xil, thetal);

gl inv = inv(gl);

% STEP3: solve for theta2
pwl = g3*[pw; ];
gwl = g1 inv * q;
soluv*ion3 = subprobleml(w2,92,pwl(1:3),qwl(1:3));
for n = 1l:size(solution3,2)
theta2 = solution3(1,n);
if theta2 < theta2_range(1) || theta2 > theta2_range(2)
continue
end
g2 = Transformation(xi2, theta2);
g2_inv = inv(g2);

% STEP4: solve for theta4, thetas

gd2 = g3_inv * g2_inv * gl _inv* gd;
pw2 = [0;0;L1+L2+L3+L4];
gw2 = gd2 * [pw2;1];



end
end
end

solution4
solution4
for k = 1:

end

subproblem2(w4,w5,q4,pw2,qw2(1:3));
[solution4, solution4+360, solution4-360];

size(solution4,?2)
thetad = solutiond(1,k);
if thetad4 < thetad4_range(1l) || theta4 > thetad_range(2)

continue

g4 = Transformation(xi4, thetad);

g4 inv
theta5

inv(g4);
solution4(2,k);

if theta5 < theta5_range(1l) || theta5 > theta5_range(2)

continue

end

g5 = Transformation(xi5, theta5);

g5_inv

% STEPS:

gd3 =
pw3

qw3

for m

inv(g5);
solve for thetab

g5_inv* g4 inv* g3_inv* g2_inv* gl inv* gd;
[0;50;L1+L2+L3+L4];

gd3 * [pw3;1];

solution5 = subprobleml(w6,a4,pw3;aw3(1:3));

1l:size(solution5,2)

theta6é = solution5(1,m);
if theta6 < theta6 ranje(1l) || thetaé > theta6_range(2)

en

d

continue

theta = [theta vpa([thetal;theta2;theta3;thetad;theta5;theta6])];

end
end

disp("----7-y--Mathod 1 ends--------- "y;

end

WHEE) 5 AR IKine6s_2.m, N B — 23 B 70 A e B DT RE R R

% AUTHOR :

Wu Junda

ABSTRACT: inverse kinematics (for 6-axis robot)

INPUT: go
g st
config

offset, 4X4 matrix
end-effector config., 4X4 matrix
1X22 list, 1-4: length of links;

5-10: a point from each axis
11-16: vector along each axis
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functio
L1
ql
q5
wl
w5

thetal_range
theta3_range
theta5_range

xil
xi2
xi3
xi4
xi5

xi6

gd
pw
pb

n

OUTPUT: theta

theta

unit:

theta = Ikine6s_

config{1}; L2 =
config{5}; g2
config{9}; g6
config{11}; w2 =
config{15}; w6 =

config

config

config

[-cross(wl,ql);
[-cross(w2,qg2);
[-cross(w3,q3);
[-cross(w4,q4);
[-cross(w5,qg5);
[-cross(w6,g6);

g st/go;

[0 @ L1+L2+L3]";
[6 @ L1]'; % bas

= [1;

Mo Start

17-22: range of displacement of each axis

displacement of joints, 1xN vector,

(for this problem) deg

2(go,g_st,config)
config{2}; L3 = config{3}; L4
config{6}; g3 = config{7}; q4
config{10},;

config{12}; w3 = config{13};
config{16},;

{17}; theta2_range
{19}; thetad_range
{21}; theta6_range

wl];
w2];
w3];
wa];
w5];
wé];

% wrist center

e center

config{4};
config{8};

w4 = config{14};

config{18};
config{20};
config{22};

to solve IK problem--------- ");

disp("initial position: ");
diSp(g@);
disp(“target{position: ");

disp(g_st);

% _STEP1: solve for th
d = gd*[pw; 1] - [pb; 1];
delta
solutionl = subproblem3(w3, g3, pw, pb, delta);

= norm(d);

solutionl = [solution

q = gd*[pw; 1];
% q = q(1:3);

for 1

eta3

1, solutionl1+360, solutionl-360];

= 1:1length(solutionl)



theta3 = solutionl(i);
if theta3 < theta3_range(1l) || theta3 > theta3_range(2)
continue

end

g3 = Transformation(xi3, theta3);
g3_inv = inv(g3);

p = g3*[pw; 1];
% STEP2: solve for thetal, theta2
solution2 = subproblem2(wl,w2,q2,p(1:3),q(1:3));
if isempty(solution2)
continue
end
solution2 = [solution2, solution2+360, solution2-360];

for j = 1l:size(solution2,2)
thetal = solution2(1,3j);
if thetal < thetal_range(1) || thetal > ttietal range(2)
continue

end

gl = Transformation(xil, thetal),
gl inv = inv(gl);

theta2 = solution2(2,3j);

if theta2 < thetal_ range(1) || theta2 > theta2_range(2)
continue

end

g2 = Transformation(xi2, theta2);

g2_inv/ = Inv(g2);

%/SY=P3: solve for thetad4, thetas

gd2 = g3_inv * g2_inv * gl_inv* gd;

pw2 [0;0;L1+L2+L3+L4];

qw2 = gd2 * [pw2;1];

solution3 = subproblem2(w4,w5,q4,pw2,qw2(1:3));
solution3 = [solution3, solution3+360, solution3-360];

for k = 1:size(solution3,2)
thetad = solution3(1,k);
if thetad4 < thetad4_range(1) || theta4 > thetad range(2)
continue
end
g4 = Transformation(xi4, theta4);



g4 _inv = inv(g4d);

theta5 = solution3(2,k);

if theta5 < theta5_range(1) || theta5 > theta5_range(2)
continue

end

g5 = Transformation(xi5, theta5);

g5_inv = inv(g5);

% STEP4: solve for theta6

gd3 = g5_inv* g4_inv* g3_inv* g2_inv* gl_inv* gd;
pw3 = [0;50;L1+L2+L3+L4];
qw3 = gd3 * [pw3;1];

solution4 = subprobleml(wé6,q4,pw3,qw3(1:3));
for m = 1:size(solution4,2)

theta6é = solution4(1,m);

if theta6 < theta6_range(1l) || thetaé > theta6 rarge(2)

continue

end

theta = [theta vpa([thetal;theta2;theta3;tnetad;theta5;theta6])];
end

AU T FACRS, Sl BTSSR, AR R ST AT, BURRIE SR A IR IR, R
Yo 5 45 B AR 2R P S0 RO IE R - L rb IR 20 45 R AOE SCFE BN SEIR IR T DB,
BEAEANFE TSR -

ql = [e;e;0e];

92 = [0;0;491];

g3 = [0;0;450+491];
g4 = [0;0;900+491]1;
g5 = [0;0;900-491];
g6 = [0;0,900+491];

wl = {9;08;1];
w%z = [0;1;0];
w3 = [0;1;0];
wd = [0;0;1];
w5 = [0;1;0];
wé = [0;0;1];

xil

[-cross(wl,ql); wil];
x1i2

[-cross(w2,q2); w2];
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xi3 = [-cross(w3,q3); w3];
xi4 = [-cross(w4,q4); wa];
xi5 = [-cross(w5,q5); w5];
Xi6 = [-cross(w6,g6); wé6];

xi = [xil xi2 xi3 xi4 xi5 xi6];

thetal = 30;
theta2 = 40;
theta3 = -50;
theta4 = 60;
theta5 = -10;
theta6 = 99;

theta = [thetal theta2 theta3 thetad4 theta5 theta6];

g init = [-1,0,0,0;
0,-1,0,0;
0,0,1,1475;
0,0,0,1];

% forward

gd = Fkine(xi,theta,g_init);

gd = vpa(gd);

% inverse

config = {491,450,450,84,...
ql1,q92,93,94,95,06, ...
wl,w2,w3,wd,w5,w6,...
[-170,170],[-120,120],[-14¢,140],[-170,170],[-120,120],[-360,360]};

% algorithm 1
all_solutions_1 = Ikineos_ X.(g_init,gd,config);
% algorithm 2
all_solutions_2 = Ikine6s_2(g_init,gd,config);

verified_solutions_1 = [];
for i=1:size(all_solutions_1,2)
“heca_computed = all_solutions_1(:,1i);
gd_calc = Fkine(xi,theta_computed',g_init);
diff = gd_calc - gd;
if (any(abs(diff) > 1e-9,'all"))
continue
else
verified_solutions_1 = [verified_solutions_1 theta_computed];
end
end

11



verified_solutions_ 2 = [];
for i=1:size(all_solutions_2,2)
theta_computed = all_solutions_2(:,i);
gd_calc = Fkine(xi,theta_computed',g init);
diff = gd_calc - gd;
if (any(abs(diff) > 1e-9,'all"))
continue
else
verified_solutions_2 = [verified_solutions_2 theta_computed];
end
end

disp(vpa(verified_solutions_1',5)) % each row stands for a solution
verified_solutions_1 = verified_solutions_1 .* (pi/180); % used for  simulation
disp(vpa(verified_solutions_2',5)) % each column stands for a solutior

verified solutions_2 = verified_solutions_2 .* (pi/180); % usca fcr simulation

MR AREED 4
T

[ 30.0, -10.0, 50.0, 10.515, -55.493, 152.62]
[ 30.0, -10.0, 50.0, -169.49, 55.493, -27.384]
[ -150.0, -40.0, 50.0, -120.0, -10.0, 99.0]
[ -150.0, -40.0, 50.0, 60.0, 10.0, - -81.9]
[ 30.0, 40.0, -50.0, 60.0, -10.0, 99.0]
[ 30.0, 40.0, -50.0, -120.0, 1.0, -81.0]
[ -150.0, 10.0, -50.0, -169.49, -55.493, 152.62]
[ -150.0, 10.0, -50.0, 10.515, 55.493, -27.384]
B —Fh 773
[ -150.0, -40.0, 50.0, -127., -10.0, 99.0]
[ -150.0, -40.0, 50.0, 60.0, 10.0, -81.0]
[ 30.0, -10.0, 50.0, 10.515, -55.493, 152.62]
[ 30.0, -10.0, '50.9, -169.49, 55.493, -27.384]
[ -150.0, 10.9; -59.0, -169.49, -55.493, 152.62]
[ -150.0, 1.8, -50.0, 10.515, 55.493, -27.384]
[ 30.0, 40.0, -50.0, 60.0, -10.0, 99.0]
[ 30.0, 40.0, -50.0, -120.0, 10.0, -81.0]

AL, AP IR TS 4 RS A A . G AN

r.0.5236, -0.17453, 0.87266, 0.18352, -0.96853, 2.6637]
[ 6.5236, -0.17453, ©.87266, -2.9581, ©.96853, -0.47794]
[-2.618, -0.69813, ©0.87266, -2.0944, -0.17453, 1.7279]
[ -2.618, -0.69813, ©0.87266, 1.0472, ©.17453, -1.4137]

[ 0.5236, ©.69813, -0.87266, 1.0472, -0.17453, 1.7279]
[ 0.5236, ©.69813, -0.87266, -2.0944, ©.17453, -1.4137]
[ -2.618, ©.17453, -0.87266, -2.9581, -0.96853, 2.6637]
[ -2.618, ©.17453, -0.87266, 0.18352, 0.96853, -0.47794]
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W1 4f#: [ ©.5236, -0.17453, ©.87266, 0.18352, -0.96853, 2.6637]

1@ w —t— |tmeloos

82 4lfE: [ ©.5236, -0.17453, ©.87266, -2.9581, ©.96853, -0.47794]
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X —— ‘ Time |0.005

W3 4fE: [ -2.618, -0.69813, ©.8726€, -2.0944, -0.17453, 1.7279]

1® ™ —Lt— |timefooos |

S 4 fE:. [ -2.618, -0.69813, 0.87266, 1.0472, ©.17453, -1.4137]
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T= 0,0,003] m@’ X — }— | Time

S5 4fE: [ 0.5236, ©.69813, -0.8726€,  1.0472, -0.17453, 1.7279]

I® x —f— |timelooss |

W6 4lff: [ 0.5236, 0.69813, -0.87266, -2.0944, ©.17453, -1.4137]
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@W®® J@®| x —— |7imelooos |

W7 4f#E: [ -2.618, ©.17453, -0.8726€, -2.9581, -0.96853, 2.6637]

I®| 1w —F— |vmefooos |

%8 4f#: [ -2.618, 0.17453, -0.87266, 0.18352, 0.96853, -0.47794]
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For g 3 Bl (1)1 )
if theta3 < theta3_range(1) || theta3 > theta3 range(2)

continue

end

A ORAFESRT TR 8] N Bk RR . % T 85 —4l, i T/ subproblem, Jir AR5 R iliift
180° -180° WHJMAME, XS TAESbILal Ehei Bl (+2m) WA TH 8. m&ILHIIHRET 8
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