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Welcome back to the you can say Mechanics and Control of Robotic Manipulator. Last class, we
have seen like how the task space, you can see motion control can be done in MATLAB
simulation. This particular lecture is in addition, so, again we are trying to do the MATLAB

simulation but with what you call the cascaded or the double loop control scheme.

So, for that what we have seen in the lecture. So, in the regular theory we have seen there would
be two error so, el is like mu desired minus mu where e2 is like g dot desired minus g while the
q dot desired is not directly derived from the inverse kinematics or inverse differential

kinematics in the sense of what we are trying to do.

The initial loop what you call the outer loop, the outer loop would give the desired value for the
inner loop in the sense the g dot desired would be obtained from the outer loop which we have
returned as g dot desired as the Jacobian inverse into mu dot desired plus K1el. So, based on that

what we have like derived the tau which is the control law.



The control law or you can say control scheme is derived in this way where the matrix; inertia
matrix multiply with the g double dot desired plus K2e2 in order to make the stability J transpose
el plus in order to make the feedback linearization we have added n of g comma q dot the same
thing we had tried to do it in MATLAB. So, in the sense what we have done here is.
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W% Double-loop motion contrel of a A planar robot
clear all; close all; ¢clc

Ah Simulation parameters

0.01; % stepsize

); % total simulation time

t = 0:dt:ts; ¥ time span

global al a2 ml n2 g

A% System parameters t
ml = 2; m2 =1, ) link nassess

al = 0.5; a2 = 0.4; § link lengths

So, we have like make the same code. So, only thing we have added a few values. So, for that we
have taken the same code and we have added the K1 and K2 instead of you can say Kp and Kd.
So, now this is the added value and the mu dot desired mu desired mu double dot desired all are
same just to give the, you can say simple comparison then you can see like just for our

understanding.

So, this, q desired we have like derived this is not for the control scheme. This is only for so, for
plotting or just for comparison. So, further we are like taking the actual dynamic terms and then
you can see the other entity which is required because we need to know like inverse Jacobian dot

and Jacobian all those things.

So, we have like use this. So, why we need inverse Jacobian dot because if you look at it this
equation, so, if you are like taking g double dot desired which is required here. So, then that
would be J g inverse into mu double dot desired plus K1el dot plus J dot of g inverse into mu dot
desired plus K1el the sense you need J dot you can say inverse of J q dot is required.



So, that is why we are like writing it here that value. So, in the sense we are adding one
additional sub function so, that is what addition to the existing control code whatever we have
seen in the earlier class. So, in the sense this is the inverse Jacobian dot what we have like done
so, this is the full function we can see it in the MATLAB. So, now | just want to add that there is

a sub function which we have added.
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W Errors
nu_tilda(:,1) = mu_desired(:,1) - mu(:,1);
el= mu_tilda(:,1);
eldot = mu_dot_desired(:,i) - Jeg_dot(:,i);
q.dot_d = inv(Jd)*(mu_dot_desired(:,i)+Klsel);
02 = g dot d -q_dot{:,i);

+
)
% Errors

nu_tilda(:,1) = mu_desired(:,i) - mu(:,1)

el= mu_tildai:,{);

eldot = mu dot_desired(:,i) - Jeq dot{:,i);
q.dot_d = inv(Jd)*(nu_dot_desired(:,i)+Klvel};
e2 = q_dot_d -q.dot(:,i};
U4 Cascaded or Double-loop control
% input vector in joint-space
van(: 1) = Me(inv(Jd)*(mu_double_dot_desired(:,i)..

+1veldot),
+Jd_1inv_dot+(nu_dot _desired(:,1)

vKlogl) *K2002+) " 0@1)v08_vig v,



% Y Initial conditions +
q = [-pi/4;p1/3]; % initial joimt positions
g.dot = [0;0]; % initial joint velocities
%% Control paranetere
Kl = 4; ¥2 = 4,
%4 Numerical integration starts here
for i=1;length(t)
Ih Desired values
nt_desired(:,1) = [0.440.305in(0.20¢(1));
0.4-0.3

) = [0,

nu_dot_desired(:,

% acceleration vector

g.double_dot(:,1) =Finv(M)*(tau(:,i)-{oa v+g.v));
% velocity propogation
q.dot(:,1+1) = g dot(:,i) + q.double_dot(:,1)+dt;
% position update
ql:,141) = q(:,1) +q.dot(:,1)%dt + 1/2+q double_dot(:,i)*dt"2;
(x{1),y(1)] = FK2R(q(1,1),q(2,1));
end




plot(t,mu_tilda(l,i:4),'r=."' ¢t mu_tilda(2,1:4),'b="', "linevideh’',2)
legend('$x_e$', 'Sy e¥’, 'Interpreter', 'Latex’)

grid on

set(gca, 'fontsize’ ,20)

xlabel('t,{s}’)

ylabel ('$\tilde{\nu}$, [units]’,’Interpreter’, ’Latex’)

So, now come back to the mu tilde. So, mu tilde here like mu desired minus mu which is like you
write as a el. So, el dot is like mu dot desired minus so, mu dot so the mu dot we can write as a J
multiply with a g dot, so this is nothing but a mu dot so after that what we have come up so, we

have come up with a q dot desired which is like what derived based on the outer loop.

So, which is the inverse of J desired multiply with mu dot desired plus K1el, so, based on that
we calculated e2 so e2 is like g dot desired which we derived minus g dot so after that we are
going with that double loop. So, that the double loop you can see like whatever we have written

in this equation, this equation we are straightaway using it.

So, in the sense what we have like found. So, where the M of g multiply M of q we have written
here is M. So, inverse of Jacobian desired that is we have found and the mu double dot desired
plus K1el dot. So, then you can see like there is a minus that | have to correct it. So, minus J you
can say dot desired inverse so, that multiply with a mu dot desired plus Klel. So, there is a

minus sign so, | will correct it.

So, K2e2 J transpose el this all will come inside then you can see like the other effect, which is
actually equivalent to n of g comma g dot which is together as other effect vector plus gravity.
So, in that sense this is like going to give us a control law. So, you can like look at it. So, what

we derived so, this is the equation.



So, this equation like yes, it is a plus sign only not a minus sign because this is q dot desired, we
are like differentiating, so, in this sense plus sign so, that is like maintained here. So, then we can
like go to the acceleration velocity and position update which we have done in the earlier the
same thing. So, then we can like go to the final just to plot. So, what is the error in you can see

outer space. So, that is what we are trying to see that since we go to the MATLAB code
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1 %t Double-loop motion control of a RR planar robot
slear all; close a ]
3 t% Simulation parameters

4 dt = 0.0%;

¢ = [:dt:ts;
global
g %% System parameters
4 ’ =
10 =
1 3.81;
1

(TTETFL -

4 = 23 % =3
11 i
12
13 ] -p1/4:§ |

4 ! = 1U:0]
15 ¥t Control parameters

2

‘i’ Kl = 4; K2 =
e 3 t% Numerical integration starts he



10

~
s

P

-

o

= 9.81; 11
q = [-pi/4;pi/3]; V 1nitial joint positi
q det = [0;0); initial joint velocities
%% Control parameters
Kl = 4; K2 = 4;
%% Numerical integration starts here
for i=l:length({t)

%% Desired values

mu desired{:,i) = [0.440,3*sin(0.2

%% Numerical integration starts here
for i=1:length(t)
$% Desired values
mu desired(:,1) = [0.440.3*sin(0.2*t(1));...
H 0.4-0.3%cos(0.2*t(1)) ]

mu dot desired(:,1) = [0.3*0.2%cos{0.2

0,.3*0,2*sin(0.2

mu double dot desired(:,i) = [=0.3*0

q desired(l,1),q desired(2,1)]
(q desired(l,1i),q

q dot desired(:,1) = inv{Jd)*m



s = = 2 IR
Ty YT

25 ).3%0.2%2*cos (0.2%¢ (1))~
26 %% Desired joint positions and velocities
27 q desired(1,1),q desired(2,1)| = IEK2R{mu desired(l,i
28 Jd = JacqZR(q desired(l,i),q desired(2,1));
29 q dot desired(:,i) = inv{Jd)*mu dot desired(:,1);
30 %% Actual dynamic terms
1 M= inertia2R(q{:,1));
32 e v = other effects2R(q{:,1),q dot(:,
3 g v = gravity effects2R(q{:,1))¢
34 mufi,1) ,mui{2,1)] = FK2R{q(l,1),q(Z,1)
35 J = Jaco2R{qll,1),q(2,1)):
36 Jd inv dot = invJacodot2R({g desirg
e %t Errors
-33 mu tilda(:,1i) = mu desired(:, i
|

So, where we call CCD which is like Cascaded Control Design. So, this is the you can say the
dual loop control so, initial as similar as the simulation parameter the system parameter has come
then the gravity we included and the initial condition is random initial conditions, we have
included and the K1 and K2 we assume as 4 then the mu dot desired mu desired mu double dot
desired all derived as at based on that just for our purpose we have taken the inverse kinematics
then the J desired we have calculated based on that then J dot desired based on the you can see

original case. So, this is just for our idea.
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3 %% Errors E
33 mu tilda(:,1) = mu desired(:,1) - mu(:,1);

39 el= mu tilda(:,1);

40 -

41

12 S e - dot(:,1);

43 %% Cascaded or Double-loop control

4 [

45 tau(:,1) = M*(inv(Jd) * (mu double dot ¢ 1).
46 +Kl*eldot)...

17 +Jd _inv_dot* (mu_dot_des]

44 tK1%el) 4K2%e24]" *el

=

o

fot(:,1) = inv(M)*(ta

1 double



o8 end

%% Cascaded or Double-loop control
ing o pa
tau(:,1) = M*(inv(Jd) * (mu double dot desired(:,i)...
tKl*eldot)...
#+Jd inv dot*(mu dot desired(:,i)...

tK1*%el) +K2*g2+J" *el) toe viq V;

q double dot(:,1) = inv(M)*(tau(:, i)-(

1) +gq dot(:,1)*dt + 1/2*q double dot{:
i)] = FR2R(q{l,1),a(2,1));

60 % Animation

I

I

L:l"ﬁll?hdkhli)

xl = al*cos(q(l,1}};
yl = al*sin(qg(l,i));
x2 = xl+al*cos{q(l,1)+ql(2,1));
y2 = yl+ai*sin{q(l, 1)4q(2,1});
plot ([0, x},x2},[0,y},y2), 't-0',
grid on, set(gca,'fontsize',20)

hold



13 hold off, pause{0.001)

74

75 %% Plotting functions

76 plot(t,q(l,1:1),"'r-.",t,q(2,1:1}, 'D-"', ' linewidth',2)
17 legend('\theta 1','\theta 2')

18 grid o

74 set (gca, 'fontsize’, 20)

80 xlabel('t, [5]")

B1 ylabel{'q, [unitz]"')

83 plot(t,mu tilda(l,I:i),'r-."',t,mu tilda(2
24 legend('Sx e5', N reter', 2
@ qrid o

B¢ set (gca, 'font

But the second thing what we are using it inside the loop so, we have taken this way. So, now we
can see el el dot and e2 we calculated then the cascaded control as come here M into so and so,
then these all like based on what we have derived there. So, then we can like come back here
simple Euler integration based on the acceleration then you can see. So, the animation part then
the plotting part and then the sub functions all.
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Ay mu Gesl (1))}

21 05 (1)) ]:

22 muU aot | *t(1l);
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05 t(i})
2§ tt Desi
7 | desi '1'1 0 1 v (1,
28 Jd = Ja| xJunits]
29 ] dot desired(:,1) = Lnv{Jd)*mu
30 tt Actual dynamic terms
\/'d) M = inertiaZR(qi{:,1));
32 » v = other effectsZR(q{:,1
|



19 %% Desi
s 04
20 mu desi —— (1)) :
n — 3
: 02 1211
e mu i F24E (1)) 0 ene
23 g 0 2 (1)) ]
- |
24 mu cdoubis | L202%sin(0.24t (2)
25 02§ B2 24t (i)
26 ¥t Desi '
2 Adngi JJ-‘ '. vl (
‘ L 0 10 2 » YA
28 Jd = Jal ts] ‘
29 ] dot_desired(:,1) = lnv{Jd)*mu_
30 $% Actual dynamic terms
(Q) M = inertia2R(qi{:,1)):
32 e v = other e¢ffects2R(q{:,1
| ¥

So, the additional sum function we have added here, so, the remaining all are like same. So, in
this sense if | ran, so, the same philosophy will be used. So, we assume that a nonzero initial
error and circular profile we are trying to follow. So, we are like trying to see that so, you can
like see it this way. So, we can like find it this so, now we talk about the error it is like very very
smooth.
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16 +Kl*aldot)...

47 #Jd inv dot*(mu dot desired(:,1)...
48 sK1%e1) 4K2%e24) " *el) 408 vH0.9% v;
49 : ‘ _

50 q double dot{:,i) = inv (M) ¢ (tau(:,1)-(oe vég V) );
51

59

53 q dot(:,i¢l) = q dot(:,i) 4+ q double do

26 1(:,441) = ql:,1) +q dot{:,1)*dt + 14

] x(1),y(1)] = FKZR(q{1,1),q(2,1))



48 05 B vi0.9%q vs

q doubli

veQ V) )}

y.[units)
7

53 q dot {

54

55

5 ](:,.-H = |
El x(1),y(1)] =
53

I

TR

16

47

48

49 i
50 q doublyZ

52

53 q dot {

54

55

56 1{:,141)

21 2{1),y(1) ]

So, now we are like even introducing something like a small you can say hiccup in the sense this
is like only 0.9 percent I do not know like 90 percent would be converged, it may end up with
unstable. So, you can see like it is trying to follow but still the, you can say it is a model-based

control. So that is why you can see the error is coming.

So, now in order to increase the performance or improve the performance by reducing the error
either you can increase the Kp Kd value or in this case K1 and K2 value, or we can like
introduce the integral error but the cascade control design we did not see the integral error. So,

what we can do we can like increase the K1 or K2. So, one is like beneficial because outer loop.
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13 q = |-pi/4;pi/3]:
14 q dot = [0;0);
15 tt Control parameters
16 Kl = B; K2 = 4;
7 %% Numerical integration starts here

8 for i=1:length(t)
4% Desired values
desired(:,i) =

20

1))

dot desired(:,1) = (0,340,

0,3*0,

71'2:}11‘1_'1!' Jot ; desired(:, 1)

13 q = |-pi/4; '

B q dot = |[0;

15 §% Control | 05

16 Kl =8; K2| =

7 %% Numerica g 0 q\\l
8 for i=l:len =

3%

1))

22 mu dot | x Junits]
23 0,3*0,2
24 mu_double dot desired(:,i) =

26 L1

[0.440.3%sin(0.2*t (1)
0.4-0.3*%cos(0.2*t (L

2*ces (0.2

2*sin|

Desired joint positions an

Desired joint positions an

(-0

*sin(0 4



g a4

q cot ug

&% Control | 4, -
Kl = B; K2 %

%% Numerica ; e — e — —
for i=1:lenjs i

9% Desi

So, | am just increasing the K1 value just for our benefit. So, we can see whether it is like

improved. So, it is like slightly improved you can see it is not completely better but slightly

improved, because we have compensated only 90 percent. So, now you can get understand why

it is called model based if your model is inaccurate, you can see it is not tolerated.
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+K1*eldot)..,

#Jd inv dot* (mu dot desired(:,1)...

sK1*el) 4K2%e240" *el) toe v40.954q v;

q_double dot({:,i) = inv(M)* (tau(:,i)-(oe v¢g v));

q dot(:,i+l) = q dot(:,1) 4+ q double d

1{:,441) = ql:, 1) +q dot{:, i)*dt + L4

®{1),y(1)] = FK2R(qil,1),q(2,1)



So now, now if | like to make it this is 95 percent or probably 99 percent it may like converge
very fast you can see like it is like going very close. So, even you can see a small error, but you
can see the error is like improved. So, this is what we can like see. So, why the gravity needs to

be compensated you got idea. So, now this is like one thing, but the other effect vectors are like

not that significant.

q doubly

>
o

q doubli

y.[units)
o

=
e

Q

1 0 1
xunits]

qi:,i41) = ql:, 1) +q dot{:,1)*dt + 14

FKZ2R (q¢1,%),q(2,1)

Jumats
o
i
i
i

L8]

qi:,i41) = ql:, 1) +q dot{:,1)*dt + lg

x{1),y(1}] FKZ2R (q¢1,%),q(2,1)

Bired(:,1)...

g yvi0.954q v;

Floe vea V) ),

pired(:,1)...

g yvi0.954q v;




(Refer Slide Time: 09:18)

4

q dot(:,i¢l) = q dot(:,1) + q double d

q_doubli

q dot(:

.
™ T )
e eV = g iUy U S S Tt a s wrm y oy =p, ¢ o g

+Kl*eldot)..,
#Jd inv dot* (mu_dot desired(:,1)...

sK1%el)4K2%e24 ) *l) +D%0e viq V)

q_double dot(:,1) = inv(M)*(tau(:,1)-(oe vég v));

|

qi{:,i+1) = q(:,1) +q dot{:,1)*dt +
x{1),y(1}] = FK2R(q{1,1),q(2,1)

Bired(:,1)...

05§ boe vig Vi

Q F(oe_vig v));

4 3 L
1 0 1

xJunits]
qi:,i41) = q(:, 1) +q dot{:, i)%dt + 14d

x(1),y(1)] = FK2R(g{1,1),q(2,1)

|

y.[units)
o

&
o




17 —— Bired(:,1)...
48 02 — foe vig v;

a0 q doubl

r IOC‘_‘-"'.J_'Ji );

J. nnits)
o

n

»
&
~N

3 t t[s]
56 qi:,141) = q(:,1) +q dot{:, i)*at + 14
57 x(1),y(1)] = FK2R(q{1,1),q(2,1)

Even if | like to make it 0 you can see like that is not contributing because it is very small
because the system is like moving in very slow speed. You are a centripetal and Coriolis term is
not that significant as the gravity, so that is what the whole idea. So, now | hope you are actually

clear what the cascade control design all about.
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139 %% Desired values

20 mu desired(:,i) = [D.440.4*'sin(0.2*t(1)):...

21 0.4-0,3*%cos(0.2*t (1)) ]

22 mu dot desired(:,i) = [0.4*0.2*cos({0.2*t(1)):,..

23 0.3*0.2*sin(0.2*t (1)) ];

24 mu double dot desired(:,i) = [05.4'6 282%sin (0,24t (1)
25 0.340,2*2 .24t (1))
26 %t Desired joint positions and velocit

27 q desired{l,1),q desired(2,1)] = IKZ2R ed(1
29 Jd = JacoZR(q desired(1,1),q desired(Z

29 q_dot desired(:,1) = inv{Jd)*mu dot

30 ¥t Actual dynamic terms

(8 M = inertia2R(q{:,i));

32 oe v = other effects2R(q{:,1)



i qlobal
8 %% System parameters

13 q =

4 q dot = [D0;0]; nit

15 t% Control parameters

16 Kl = 8; K2 = &;

7 §% Numerical integration starts here
18 for i=1:length(t)

(!y %% Desired values

20 mu desired(:,i) = [0.4+40,4*s1y

13 q = |-pi/4;pi/3]: ¥ initia

- q dot = [0;0]);

15 ¥t Control parameters

14 Kl = B; K2 = 4;

1 %% Numerical integration starts here

18 for i=l:length{t)

19 9% Desired values

20 mu desired(:,i) = [0.%4+0.4%sin(0.2*t (1
21 0.4-0.3*%cos(0.2*t (£

22 mu dot desired(:,i) = [0.4*0.2%ces{0.2

+3%0,2%sin(0

I " - " . ‘. W ‘
By o R o <
22 mu dot desired(:,i) = [0.3*0.2*%cos(0.2*t(1));,..

ne
[

0,3*0,1*sin{0.1*%t (1)) ]:
mu_double dot desired(:,i) = [-0.4*0,2%2*sin(0,2*t (i)
25 0.3%0,1%2%cos (0, 1%t (1))

26 %% Desired joint positions and velocities

"~
S

q RCSlr&dfl,kl,q‘dﬁﬁlrﬁd(l,LlY = TE2R{mu desired(l,i

29 q dot desired

t, 1) = inv{Jd) *mu dot
30 %% Actual dynamic terms

1 M = inertia2R(ql:,1));

32 e v = other effects2R(q{:,1),q dotd
33 g_v = gravity effects2R(q(:,1))¢

(8 mu(i,i),mu(2,1)] = FK2R{q(1,1)
35 J = Jaco2R{qll,1),q(2,1)):



o
&
w
bt
y.[units)
o

2 ] 251
2 i 05
] q dot d
0 ¥% Actu “.1 0 g
A M = ins x{units]
32 e v = other effects2R(q{:,1),q dot(g
i3 ] v = gravity effects2R(q{:;1))¢
(4 mu(d,i,mu(2,1)] = FR2R{q(1,1)
3 ] = Jaco2Riq(l,1),q(2,1)):
|
TN
o~ ' ded 3
r-¥s mu . |
; 04
4 2w doub —
0.2
LA
6 %% Desi|E
2 q adesiz 07
2 Jd = J 1
) q_dot_di 4o L)
0 Wacth g 10 2 )
k3| M = ing ts]
17 e v = other effectsZR(q{:,1},q dot(g
i3 ] v = gravity effects2R(q{:;1))¢
(e} mu(d,i),mu(2,1)) = FR2R{q(1,1)
3 ] = Jaco2Riqgll, 1),q(2,1))
|

So, now if I like change, so change in the sense | am just trying to see, probably trying to see this
can happen or not. 1 am just trying to see the 0.4 in the sense 0.8 can come but the 0.0 is not
obtainable. Because so if the sign is minus 1 what happened this is 0.4 minus 0. 4 in the sense it

is 0 but what happened your workspace.

So, workspace is like you can see the inner circle is so al minus a2 in the sense 0.1 is the inner
circle radius. So, that is why it is giving even in the previous lecture we are tried to do it. So, it is
giving unnecessary thing because this is like not substitute or not possible. So, in addition to that

if I like to improve this so, in the sense it may touch the outer it may work.



So, we can like see, this is also not working because it is extended to the final touch, but you
have the J inverse. So, final touch in the sense 0.5 plus 0.4 when this is like becomes 0, it is the
entire workspace extended boundary reach. So, that is make it as a one additional singularity, the
other one is not possible task space.

So, the other one is like end up with what you call the boundary singularity. So, in the sense
Jacobian would be, you can say, like a singular one. So, in the sense this is also not possible. So
now you got why it is like not getting it. So, you have idea. So, now the similar direction I am

trying here, so | will just make it this is 0.1.

So, 0. 1, maybe you can see 0.2, itself but this is 0. 1 | am trying. So, | hope this will work. |
hope so. So, | am not clear whether that 8 profile can be generated here. So, I am just trying to
see that. Yeah, you can see like | am trying to follow 8 profile if | increase the you can see the

time range it will like make 8 profile.
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¥ OOySLEI palaneLers

¥ Control parameters

‘l) K1 B: K2 = §;

17 t¥ Numerical integration starts



S

w
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global

%% System parameters

= 23 = 1

_nte L

= (.5; = 0.4; X |
= Qq R+ v
= 9.81; ]

q = [-pi/4:pi/3];
q dot = [0;0]);
%% Control parameters

Kl = B; K2 = §;

%% Numerical integration starts h

q dot = [0;0];
%% Control parameters
Kl = 8; K2 = 4;

%% Numerical integration
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T global N
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3 = |-ni/d:
- 4= R xJunits]
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(- Kl=8;K =4
7 t% Numerical integration starts h
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- S w0l 3 ~
4 dt = 0.0
2 n 04
5 ts = 31;
6 t = 0:dt:ts ol
7- global - 02
%% System pi2
3 =1 = 07
10 9 ]
11 ).81; 02'5
12 0 0 2
13 ‘| -p1/4; Lfs]
14 ] dc : t
15 %% Control parameters
(1y Kl = B; K2 = 4;
17 t% Numerical integration starts h
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So, you can like see if I increase the time, which is like 1 will give 60 seconds. So, you can see
like it like make 8 profile. I think it is not because there is a converge, the converge end is like
making it so | am trying to show that. So, where it can end up so where this point is like intersect
the middle point. So, 31.4 so I will just put 31 you can like see it, it is coming closer. So, when

this point is like started. So, the workspace is like getting somewhat singular, so that is why it is

not coming in.
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Kl = 8; K2 = §;
§% Numerical integration starts here
for i=1:1length(t)
%% Desired values
mu_desired(:, 1) = [0.440.3*sin(0.2*C (1)) 7 ...
0.4-0,3%cos (0.1t (1)) ];
mu dot desired(:,i) = [0.3*0,2*cos{0.]
0.3*0.1*sin(0.

[<0.4*0

mu double dot desiredi:,i) =

q desired(l,1),q desired(2,i)]
Jd = Jicwlk(q_ﬂcsxxad(l,lb,q_dﬁ

- - »

%t Double-loop motion control of a RR planar robot

all} cler

clear all; close
$% Simulation parameters

dt = 0,03%; :

ts = 35; total gimulation time

t = 0:dt:ts; tim pa

global

L Y ¥ S = —
T OYSLEN pParameLers

[-pi/4;pi/3);
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%t Double-loop motion control of a RR planar robot
clear all; close all; clec:

t% Simulation parameters

dt = 0.0%;

ts = 30; total gimulation time
t = 0:dt:ts; time spa
glebal 1

¥t System parameters

2; = 1;
= 0.5; = 0.4;
= 9.81; 1T

= [-pi/4;pi/3];

L

q_ dot = [0;0];

S [ —— e T ’
Kl = B; K2
%% Numerica !
for i=l:len
#% Desi!

mu desi

y.[units)
o

mu doub 4
4 0 1

v X Junits’
%% Desirea joint posiriofs ana verocl

q desired(l,1),q desired(2,1)] =
d

q dot desired(:,i) = inv{Jd)*m

Jd = JacoZR(q desired(l,i),q




16 Kl = B; K2
17 %% Numerica 04 :
18 for i=l:len —

19 $% Desi

v,
20 mu desils B1))7cqv
L E 0 \ . |

2 wl (1)) ]:
22 mu dot '02: /3

23 !

24 mu doub Q4

7% 0 10 2

» I

26 %% Desirea oint positidns ana veroci

7 q desired(l,1),q desired(2,1)] =
- Jd = JacoZR(q desired(l,1i),q deg
24 q dot desired(:

So, I will just make it this is 0.4, itself. So, now | will just make it properly increase the time |
just want to see whether the 8 profile I could show you. No, it is not possible. So, then I can like
make it at least so there is 8 profile, the half of the 8 profile we can like see, so in order to make
it properly how to bring the while I will see whether that is possible because the solution may
like extend that also can go.

(Refer Slide Time: 13:18)

19 %t Desired values
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27 q desired{l,i),q desired(2,1i)] = red(l,

28 Jd = JacoZR{g desired(i,1),q desired(Z
29 q dot desired(:,i) = inv{Jd}*mu dot dg

30 9% Actuval dynamic terms
(_;)1 M = inertiaZR(q{:,1));
-2 oe v = other effects2R(q{: 1),
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%% Actual dynamic terms
M = inertia2R(q{:,1)):
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10 h = 1
11 3.81;
12 f
13 ] -pl/4;pi/3]
14 1 = [0;
15 t% Control parameters
1¢ Kl = 8; K2 = 4;
17 t% Numerical integration starte here
18 for i=1:length(t)
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..':)_v esired(:,1
|
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. 110t de 3 v
§% System p !
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11 3.81 :_«"; /
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. 0.5
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15 §% Control | 1
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17 %t Numericas Luxeq;ul.Luux [.L.’Q'LSL.. weaw
18 for i=1:length(t)
A8 %% Desired values
.')l U Gesl

So, I am just saying that this is probably 0.3. So, then the Y can go 0. So, you can see like this is
like trying to follow an 8 kind of profile. So, which is a spiral you can see. So, now you can see
the cascade design where you can like change your K1 and K2 the performance will vary and

similarly even you change the model parameter for example, this is 5 kg and still this will work

very comfortably.

So, these all we have like try to see. So, with that what we can see we have seen the motion
control overall go so where we talked about joint space scheme then task space scheme, the

finally we end up with the merge which is what you call the cascaded the outer loop would be

seeing the task space and the inner loop would be in the joint space.



So, in that sense that controller which is actually going to give a command to the actuator
directly given in the joint space which is much beneficial. The other way around where you are
seeing that the task based need to be followed that is also ensured. So, that is why this cascade
control design is very popular in the modern days, because you can directly control the task

space, but the actuator signal directly given on the joints space level.

So, that is what the whole idea | hope you have like enjoyed this particular lecture. So, the next
lecture would be on completely different. Where we are taking a mobile robot, but we are trying
the, you can say Denavit-Hartenberg approach how to derive the kinematic and dynamic model
and then see how the controller can be endorsed in that particular scheme. So, with that, I am

saying thank you and see you then bye. Take care.



