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Lecture - 38
Simulation of Land-based Mobile Robots along with Kinematic Control Part 3

So, in the last lecture what we have seen actually like how the differential wheel drive
can be incorporated with the line of sight and polar coordinate. So, now in this lecture we
will see that what we have done in the last lecture, that we will try to incorporate in
MATLAB and try to simulate how that will work ok.

So, in the sense we will take a differential wheel drive and we do both set point and as
well as tracking with position tracking or we can see like how to do the orientation
tracking. So, with that we will move to the MATLAB window now and we will take the
earlier model and we will try to understand how to incorporate the you call polar

coordinate or line of sight.
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4 %%

5— clear all; close all; clc

6

7- dt =0.1; ts = 4; t = 0:dt:ts;

8

9- eta(:,1) = [0;0;0];

10

11- eta d(:,1) = [-1;-1;-pi/4]; Ku=2; Kr=4;

12

13- a=10.05 d=0.2; 1 =0.3;
Far i = 1+lenath(f)
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So, now we can actually like come back to the you can see the MATLAB window where

| have already written the code for line of sight for a differential wheel drive.
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15— _for i = l:length(t)
16
17= rho = sqrt((eta_d(1)-eta(l,i))"2+(eta _d(2)-eta(2,i))"2);
18
195 e = [eta_d(1:2);atan2(eta_d(2)-eta(2,i),eta d(1)-eta(l,i))] - eta(:,
20
21~ if rho<0.05
2= e = eta d- eta(:,i);
23= e=0*e;
24— end '
25
2{_6;)* psi = eta(3,1):
) T = [rnsinei) —sinfnsi) N:sinfnsi) rosinsi) N0 N 11:
o n BEEEUE 4 % BB A@cdow 0 0

So, you can see that | will actually like explain. So, we have actually like taken Ky and
K for the polar coordinate. Otherwise, we will directly take as a K and these are the what
you call the vehicle parameters where the a is the radius of the wheel and you can see

that this is the initial condition and these are the simulation parameter.

So, let us move what we have done. So, what we have done is actually like there are two
things we have done. So, one is actually like we have calculated the p ok. So, the other

one is we are calculating the error.
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13— 0.05; d =10.2; 1 =0.3;

14

15— i = 1l:length(t)

16

17— rho = sqrt((eta_d(1)-eta(l,i))"2+(eta_d(2)-eta(2,i))"2);
18 -

19— = = [eta d(1:2);atan2(eta_d(2)-eta(2,i),eta d(1)-eta(l,i))] - eta(:,i);
20

21— if rho<0.05

= e = eta d- eta(:,i);

23— e=0*e;

24— =nd

25

2\@* osi = eta(3,i):

? — T = [rnsingi)l -<iningi)l N:ciningi)l casingi) NN N 17
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So, the error is actually like based on the line of sight. So, first we will see the line of

sight directly. So, where we will incorporate only e. So, e is actually like 7. So, the

would be actually like calculating based on the line of sight.

So, where the 17; would be compared with n, but the angle which is what you call desired

angle is actually like modified as new change. So, that angle is actually like tan* of that

if you recall here.
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So, here if you recall this is what the ¥;. So, the same angle we are actually like

incorporating here. So, that is what we have taken and why it is actually like two
argument a tan inverse you know already based on the quadrant choice. So, now this is
what the error. So, now this error is actually like it is a smaller range in the sense | am

calculating the p.

So, from the starting to the end point if the p is keep on reducing, if the p is actually like
within 5 centimeter circle. So, then I am moving to the what you call the orientation
follow; otherwise | will actually like keep it as simple position following or position
tracking. So, that is what the whole idea. So, I will actually like come back. So, now |

will actually like make it this a pass command.
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22= e = eta d- eta(:,1i); i
23 e=0*e;
24— end
25
26— psi = eta(3,1);
20 = J = [cos(psi),-sin(psi),0;sin(psi),cos(psi),0;0,0,1];
28— zeta(:,1) = inv(J)*(diag([2,2,/4])*e);
29— u = zeta(l,i); r = zeta(3,i);
30 Wi= [a/2,a/2;-a/(2*d),a/(2*d)];
31 w = inv(W) * [u;r];
32 W
33
34
3 (i) = u
|3(5? 2= rns(nsi)teinine tandin VY /1-1
s ECE
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So, now what we are doing the same thing. So, we are taking as a &, & is actually like
inverse of this is actually like position set point tracking. So, you would not be having

N

So, that is why directly we have written here. So, and we are assuming that the K1 and K2
is actually like 2 each in the sense Kx and Ky or Ax Ay is 2 each and Ay is 4. And now |
have actually like taken | already told right the v is O right. So, that is why v, u and r only
there.

(Refer Slide Time: 03:28)

MWD _asimasion XCm OWD_animatios XCm dymamic_model land_owdm DWD_animaticn LoSm +
28— zeta(:,i) = inv(J)*(diag([2,2,4])*e); i
29— u = zeta(l,i); r = zeta(3,i);
30 W= [a/2,a/2;-a/(2*d),a/(2*d)];
31 I
32
33 tam(2)
34 H
35
36 [ tand (phi(i))/1;]
37 zeta(:,1i) W*V(i);
38 eta(:,i+l) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1)),0;sin(eta(3,
39 eta(:,i+l) = eta(:,1i) + (l-exp(-1*t(i)))*J*zeta(:,i)*dt;
40— -end
2 ,



And then we are actually like incorporating the wheel configuration and then we are
actually like doing it.
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diag((2,2,4])%e);
29-
30 *d) ,a/ (2*d) ]

36 psi);tand(phi(i))/1;1;

38— ) + (l-exp(-1*t(i)))*[cos(eta(3,i)),0;sin(eta(3,1i)),0;0,1] * [u;r] *dt;

39 (1) + (l-exp(-1*t(i)))*d*zeta(:,i)*dt;

W P Typeheretosearch 0 H = B BBEBUE 4%

So, the wheel configuration | have written already in the matrix format ok. So, this
matrix what you have obtained here right. So, you can recall this is cos¥’ sinZ 000 1
right. So, the same thing I have actually like incorporated here you can see. So, cos¥ you

can see sin¥ 0 and 0 0 and 1. So, that is what we have actually like incorporated.
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40— end

43—  veh box = 0.5%[-0.4 0.6 0.6+0.3*cosd(-90:90) 0.6 -0.4 -0.4;-0.3 -0.3 0.3
44— cas p = 0.5%[0.6;0];
45—  wheel b = 0.5%[-0.2 0.2 0.2 -0.2 -0.2;-0.05 -0.05 0.05 0.05 -0.05];

46 Prepare the new file.

47= vidObj = VideoWriter('DWD.avi');

48— open (vidObj) ;

49— for i = 1l:length(t)

50— psi = eta(3,1i); x(i) = eta(l,i); y(i) = eta(2,i);
Gil= R = [cos(psi),-sin(psi);sin(psi),cos(psi)];

52= v_m = R*veh box;

%éj ¢ m = R*cas_p;

LY & w ml = R¥(wheal h+[N:N 35/21)

B P ipehetosach o nBREEUE 4% AB & s, 0



So, now if | run this. So, what you can expect? So, this will actually like follow
something.
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42
43— veh box = 0.5*%[-0.4 0.6 0.6+0.3*cosd(-90:90) 0.6 -0.4 -0.4;-0.3 -0.3 0.3
44— cas p = 0.5%[0.6;0];

45— wheel b = 0.5*%[-0.2 0.2 0.2 -0.2 -0.2;-0.05 -0.05 0.05 0.05 -0.05];

46

47— for i = 1:length(t)

48— psi = eta(3,i); x(i) = eta(l,i); y(i) = eta(2,i);

49— R = [cos(psi),-sin(psi);sin(psi),cos(psi)];

50— v_m = R*veh box;

Sl c m = R*cas_p;

52= w_ml = R*(wheel b+[0;0.35/2]);

%%i w_m2 = R*(wheel b+[0;-0.35/2]);

Il‘; — Filllwv m(1 V4w (i) v m(2 V4+uli) 'y'): 2
UTrS scrigt. s &% G
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= hold on

56— fill(w ml(1,:)+x(i),wml(2,:)+y(i),'c");

57— fill(w m2(1,:)+x(i),wm2(2,:)+y(i),'c");

58— fill(c_m(1)+0.05*cosd (0:360) +x(i),c_m(2)+0.05*sind (0:360)+y (i), 'q");
59— plot(eta(l,1:i),eta(2,1:i), 'b-")

60— plot (eta_d(1),eta d(2),'k*")

61— plot([eta d(1),eta d(1)+0.2*cos(eta d(3))], [eta_d(2),eta d(2)+0.2*si
62— 1 plot(eta_d(1)+0.1*cosd(0:360),eta d(2)+0.1*sind(0:360),'c--")

63— xmin = min(eta(l,:)) - 0.5;

64— xmax = max(eta(l,:)) + 0.5;

65— ymin = min(eta(2,:)) - 0.5;

66— ymax = max(eta(2,:)) + 0.5;

67— axis([xmin xmax ymin ymax])
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ap\Descop) WE S6T7\DAD,simasion oS - 0 X

VIND pmimaion KCm % | OWD ammasion ¥Cm ¥ | dyam m X| OWDanmation loSm® % |+

67— axis([xmin xmax ymin ymax]) T
68— axis equal

69— grid on

= xlabel ('x, [m]"')

7 e ylabel('y, [m]');

72 pause (0.1)

3= hold off

74— currFrame = getframe(gcf);
755 writeVideo{vidObj, currFrame);
76— end

77

78 Close the file.

9= close (vidObj) ;

I< %
wrs P b @i
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So, this particularly we have try to record it. So, now we no need to record that.
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W animatcn loSm' % | +

67— axis([xmin xmax ymin ymax]) F

68— axis equal

69— grid on

70— xlabel ('x, [m]"')

1= ylabel('y, [m]');

2= pause (0.1)

73 = hold off

74

15— end

76

7

78

79

8,

|’3‘€‘) 2
wre = b @
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So, I am just making it that. So, then there is no recording at all.
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5 end
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So, I am just making it this as | will write a position control.
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64— xmax = max(eta(

65= ymin = min(eta(

66— ymax = max(eta( ~

67— axis([xmin xmax o5

68— axis equal ‘\ .
69— grid on ! \“;

70— xlabel ('x, [m]') &

ql= ylabel('y, [m]') ™% & o o
2= pause (0.1)

78 hold off

74

I5= end

16

7

i
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So, now what you can actually expect? This is the differentiable drive that is actually
trying to follow the position which is the goal point and after this in, you can say within
that circle if it is enter within the 5 centimeter circle it is trying to follow the orientation.
So, that is what you would have actually seen again |1 am running that. So, I will actually

like show the maximize.
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You can see this is the starting point and it is trying to follow and it suppose to come
here it is not a you can say position tracking it is just a position following. So, this is a
given point and this is a final point and you can see that within that circle it reach it is
trying to follow the orientation also ok. So, that is what | have actually like given as a
code. So, now, you do not want that you can actually like make it that also like a

comment.
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7= rho = sqrt((eta ° A% 1 ta(2,i))*2);
18

19- e = [eta d(1:2) & | d(1)-eta(1,i))] - eta(:,
20 s

21 % if rho<0.05 \“ﬂ

221 B e=etad \ -

23 $ s =0%e; 18 s 3 a5 0 0s

24 B end .

25

26= psi = eta(3,1);

= J = [cos(psi),-sin(psi),0;sin(psi),cos(psi),0;0,0,1];
28— zeta(:,1i) = inv(J)*(diag([2,2,4])*e);

2,25 u = zeta(l,i); r = zeta(3,i);

2 0 = [a/2 a/2:-a/(2%d) a/(2%A4)]:



So, | am just making it that as a comment. So, now what you can actually see that it
would try to converge to that given point. So, without following the orientation you can
see the difference right. So, by what one can see? Once it is coming to one particular

profile you can see that the vehicle is start over you can see rotating, why it is so?

Because you are you can say the control activity is actually like giving preference to both

ok. So, because your ¥, is actually like become almost 0, but you are trying to follow

that and as well as you are trying to follow your position profile. So, this is one you have

to actually like understand.
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)*2+(eta_d(2)-eta(2,i))"2);

M s )-eta(2,i),eta d(1)-eta(l,i))] - eta(:,
21 if rho<0.05
22 e =eta d- eta(:,i);
23 e=l*e;
24 end
25
265 psi = eta(3,1i);
Ia-:)—— T = [enalngi) -sinlnsi) N:sininsi) rosinsil N:0 0 11:
® P ypeneretoseach o nEB D UE 4% AE &S, 0 0

So, now if | give probably a positional coordinate as a polar coordinate how that would
work? So, for that also | will actually like take another file which | have already written.
So, I will actually like take that ok.



(Refer Slide Time: 06:10)

et - Ciusessjepap Desioop\WE S617\DWD_amimasion (05 PCm - 0 %
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Mm_ri-;:n_ltr m_.::;riam 1;;(_'Mﬁm,:::l\h :'vr.*.mnm_nus;; OWosmmatcnlosicm % ¥ =
31 phi(i) = atand(l*r/u); '
32 % V(i) = uw

33 % W = [cos(psi);sin(psi);tand(phi(i))/1;];

34 % zeta(:,1) = WV (i);

35 eta(:,i+l) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,i)),0;sin(eta(3, -
36 % eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*J*zeta(:,1i)*dt;

37— -end

38

39 i

40—  veh box = 0.5%[-0.4 0.6 0.6+0.3*cosd(-90:90) 0.6 -0.4 -0.4;-0.3 -0.3 0.3
41-  cas p = 0.5%[0.6;0]; )
42— wheel b = 0.5%[-0.2 0.2 0.2 -0.2 -0.2;-0.05 -0.05 0.05 0.05 -0.05];

43 % Prepare the new file.

4@ vidObj = VideoWriter('DWD PC.avi');

|L‘l — anen (7id0hd) -« o
s w1 @i
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33 tand(phi(i))/1;];
34
35— l-exp(-1*t(i)))*[cos(eta(3,1)),0;sin(eta(3,1)),0;0,1] * [u;r] *dt;
36 (1-exp(-1*t(i))) *T*zeta(:,i) *dt;
Bl
38
39 i
40—  .3*cosd(-90:90) 0.6 -0.4 -0.4;-0.3 -0.3 0.3*sind(-90:90) 0.3 0.3 -0.3];
41—
42- 0.2 -0.2;-0.05 -0.05 0.05 0.05 -0.05];
43
= PC.avi');
}32_ ) I
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psi = eta(3,1i);

J = [cos(psi),-sin(psi),0;sin(psi),cos(psi),0;0,0,1];
zeta(:,1i) = inv(J)*(diag([2,2,4])*e);

u = zeta(l,i); r = zeta(3,i);

27 W= [a/2,a/2;-a/(2*d),a/(2*d)];

%&* eta(:,i+l) = eta(:,1i) + (l-exp(-1*t(i)))*[cos(eta(3,1i)),0;sin(eta(3,
I«) ptals i+71) = otals i)\ + (1-o¥yn(-1*t (i) )\ *T*7at3(* i) %At

s Bl @1
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So, here you can see that the u and r. So, | am actually like taking as a polar coordinate.
So, and then I am actually like trying to control that. So, and this is also like same thing.

(Refer Slide Time: 06:25)
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)-eta(2,i),eta_d(1)-eta(1,i))] - eta(:,

AR MATLAS fies
e

2= end
22
T psi = eta(3,1i);
24— J = [cos(psi),-sin(psi),0;sin(psi),cos(psi),0;0,0,1];
25— zeta(:,1i) = inv(J)*(diag([2,2,4])*e);
%Si u = zeta(l,i); r = zeta(3,i);
7 W= [a/2 a/2:-a/(2%d) a/(2%A)]:

UTES 1 Gl 1
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So, it is a also line of sight | just see that particular file yeah.
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3= u = K p*zeta(l,i); r = -K r*zeta(2,1);

33 zeta(:,i+l) = zeta(:,i) + (l-exp(-1*t(i)))*dt*[-K u*zeta(l,i)*cos(
35— eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1i)),0;sin(eta(3,

36— -end

39—  veh box = 0.5%[-0.4 0.6 0.6+0.3*cosd(-90:90) 0.6 -0.4 -0.4;-0.3 -0.3 0.3
40— cas p = 0.5%[0.6;0];
%ij wheel b = 0.5*[-0.2 0.2 0.2 -0.2 -0.2;-0.05 -0.05 0.05 0.05 -0.05];

So, now you can see that this is what we have given right. So, only thing here the sign is
actually like interchange the Ku sign why it is so? Because you want actually like reduce
it. Now the error is actually like p. You are trying to reduce the error. So, in the sense

you have to rewrite the entire equation in the other form.
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23 end
24— alpha = eta(3,i) - theta;
25= zeta(:,1i) = [rho;alpha];

3 u = K u*zeta(l,i); r = -K r*zeta(2,i);
33 ¢ zeta(:,itl) = zeta(:,i) + (l-exp(-1*t(i)))*dt*[-K u*zeta(l,i)*cos(

%Ej eta(:,i+l) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1)),0;sin(eta(3,
W= ond .

So, then the Ku would be positive. So, if you recall this particular you can see equation.
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So, you can see this equation. So, this equation u is actually like we have written as - K,
x p, but what we are actually like seeing? This p is actually like a positive, but what we
are interested? So, this point actually like supposed to reach from here so, it is in the

opposite direction.

So, that is why there is a negative sign coming into here ok. So, in the sense u | have
written as - Ku x &, but right now | have put Ky x & You can actually like ran the

simulation and you will get your own idea.
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11- eta d(:,1) = [1;1;-pi/4]; Ku=2; Kr=8;

12

13— for i = l:length(t)

14— eta d(:,i) = [1*sin(0.1*t(i));1-1*cos(0.1*t(i));0.1*t(i)];
15= eta d dot = [0.1*cos(0.1*t(i));0.1*sin(0.1*t(i));0.1];

16 rho = 'sqrt((eta_d(l,i)—eta(l,i))A2+(eta_d(2,i)—eta(2,i))A2);
7= theta = atan2((eta_d(2,i)-eta(2,i)), (eta_d(1,i)-eta(1,i)));
18- if theta<0

19— theta = 2*pi + theta;

20= end

21 f t(i)>=6

22 theta = theta + 2*pi

2 end

7@ Aalnha = etal3 i) - theta:




Now I am actually like giving the eta desired also like some kind of circular path. So, in

the sense 1, also coming. So, if I run this so what one can actually like see it? It is

actually trying to follow a circular path you can see right.

(Refer Slide Time: 07:45)

CHEENEREIOT] -
10 o A
11- etad(:,1) = [1:1;- i
12 -
13— —for i = l:length(t) <
14— eta d(:,i) = [¥ 1));0.1%¢(1)];
15= eta d dot = [0. o 1)) 0000
16— rho = sqrt((eta ~T | i)-eta(2,1))*2);
17= theta = atan2(( W T ,i)-eta(l1,i))):
18- if theta<0 e r
19— theta = 2*pi + theta;
20— end
21 if t(i)>=62
22 theta = theta + 2*pi
%3) end
l? — Alnha = ptal(? i) - theta:

o n BUENEUE 4F

But if I give a orientation component it may not follow. So, for that you can actually like

see. So, although I have given 0.1 times of t as like this, but if | give probably % and all it

may not actually like follow.
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f1-1*cos(0.1*t(i));0.1*t(i)];
<0 1 ¥sin (0. 1% (1)) 70115
i))"2+(eta_d(2,i)-eta(2,1))"2);

D= Pel 9,1)), (eta_d(1,i)-eta(1,i)));
if theta<0
theta = 2*pi + theta;
end
if £(i)>=62.8
theta = theta + Z*pl
end

Alnha = eta(? i) — theta:

oxnAOBEUE 43



So, in order to get that so, | will actually like give that also here. So, then we will
actually like take the other you can see configurations.

(Refer Slide Time: 08:14)

11- eta d(:,1) = [1;1;-pi/4]; Ku=2; Kr=28;

12

13— _for i = l:length(t)

14

15— rho = sqrt((eta_d(1)-eta(l,i))"2+(eta_d(2)-eta(2,i))"2);

16— alpha = eta(3,i) - atan2((eta d(2)-eta(2,i)), (eta d(1)-eta(1,i)));
= zeta(:,1) = [rho;alpha];

18

19— if rho<0.1

20— zeta(2,1i) = eta(3,i)-eta_d(3);

21= end

22

%éj u = K u*zeta(l,i); r = -K r*zeta(2,i);

[f2

B P Tpeneretosearch 0 H & acsfBU @4 Bl A6 &os, g B

(Refer Slide Time: 08:18)

NIWD_asimation KCm OWD_animation XCm dymamc Jand owdm WO _anim: 105 °Cm WD 3 5 PCm DWD_snimation PC_trackisgm DWD_animation PC +
16— alpha = eta(3,i) - atan2((eta d(2)-eta(2,i)), (eta d(1)-eta(l,1)));
17= zeta(:,1) = [rho;alpha];
18
1 if rho<0.1
20— zeta(2,1i) = eta(3,i)-eta_d(3);
201 end
22
23= uI= K u*zeta(l,i); r = -K r*zeta(2,i);
24
25— zeta(:,i+l) = zeta(:,i) + (l-exp(-1*t(i)))*dt*[-K u*zeta(l,i)*cos(ze
26
27— eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1i)),0;sin(eta(3,
8 eta(:,i+l) = eta(:,1i) + [zeta(l,i)*cos(zeta(2,i));zeta(l,1i)*sin(ze
v end
B 2 Typeheretosearch O H & as B U ii_? B s

So, you can see here. So, | am taking this 2 and | am trying to use this what you call

polar coordinate form.



(Refer Slide Time: 08:23)
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16= alpha = eta(3,i “ AN |, (eta d(l)-eta(1,i)));
= zeta(:,1) = [rh \ \
18 7 \.®
19- if rho<0.1 Su
20— zeta(2,1) 0z
2= end ] B
02,
22 04
23= u=Ku*zeta(l, & o
24 &
25> zeta(:,i+l) = zeta(:,i) + (l-exp(-1*t(i)))*dt*[-K u*zeta(l,i)*cos(ze
26
27= eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1)),0;sin(eta(3,
28 eta(:,i+l) = eta(:,i) + [zeta(l,i)*cos(zeta(2,i));zeta(l,i)*sin(ze
2(3_* end
-]
1<
g p o nBEEEYUE 4% BB Ees

So, now if I actually I run this you can see it is actually like going the set point which is f

and % And | have actually like changed the condition here the p is actually like up to 10

centimeter you follow only line following after that you try to follow as a orientation. So,
that is what it is actually like doing it.

(Refer Slide Time: 08:43)

So, you can see like it start from 0 0 and try to go 1 and 1 and it is actually like trying to

reach.



(Refer Slide Time: 08:49)

Once that circle of 10 centimeter reach it is trying to follow the orientation, but both are
not directly controllable that is why there is a compromise between the position and
orientation. Now you got it like what is nonholonomic vehicle, where you can apply
right. If you are actually thinking about position tracking it is actually like working well,
but if you are thinking about orientation also need to be controlled then it cannot be done

in you can say nonholonomic conditions.

(Refer Slide Time: 09:17)

115  eta d(:,1) = [1:1:5

12

13— —for i = l:length(t) §

14— eta d(:,i) = [T o i));0.1%¢ (1)1,
15= eta d dot = [0. 278 (i));0.1];

16— rho = sqrt((eta ‘ g i)-eta(2,1))"2);
19 theta = atan2(( * 55 & 5 o » 1 ,i)-eta(l,i))):
18- if theta<0

19- theta = 2*pi + theta;

20— end

21 if t(i)>=62.8

22 theta = theta + 2*pi

23 end

'?(2 Aalnha = atal2 i) - theta:

L o " BEEEUVUE 4 F B ~Ecd o
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So, this is what the other case what | have shown as a circular profile following where
this dotted circle is the given circular profile and this particular vehicle is actually like

ask to follow it is doing it.

(Refer Slide Time: 09:30)

5— clear all; close all; clc
6
7- dt =0.1; ts = 60; t = 0:dt:ts;
8
9- eta(:,1) = [0;0;0];
10
11- eta d(:,1) = [1;1;-pi/4]; Ku=0.2; Kr=8;
12 - B B
13— _for i = l:length(t)
14— eta d(:,i) = [1*sin(0.1*t(i));1-1*cos(0.1*t(i));0.1*t(i)];
155 eta d dot = [0.1*cos(0.1*t(i));0.1*sin(0.1*t(i));0.1];
L6= rho = sqrt((eta_d(1,i)-eta(l,i))"2+(eta_d(2,i)-eta(2,i))"2);
%Ej theta = atan2((eta_d(2,i)-eta(2,i)), (eta_d(1,i)-eta(l,i)));
Rl if theta<n
q O ipeneos o n AREEUE 4 F Bl 8 doc, 0,0



(Refer Slide Time: 09:35)

6
7- dt=0.1; ts = 60; %
8 a5 XN\
9- eta(:,1) = [0;0;01; No) s
10 J
11-  eta d(:,1) = [1i1i- * % 7 & o o
12 xjm)
13— _for i = l:length(t)
14— eta d(:,i) = [1*sin(0.1*t(i));1-1*cos(0.1*t(i));0.1*t(i)];
15— eta d dot = [0.1*cos(0.1*t(i));0.1*sin(0.1*t(i));0.1];
16— rho = sqrt((eta_d(1,i)-eta(l,i))"2+(eta _d(2,i)-eta(2,1))"2);
%gj theta = atan2((eta_d(2,i)-eta(2,i)), (eta_d(1,i)-eta(1,i))):
A= if theta<h
B P tpeheeioseac ok nBEROBEUE 4 X R i |

So, now you can actually like vary the control gain value for example, | am giving very
slow control in the x you can say. So, you can see right. So, the error is actually like
prolonged and it is actually like not you can say control why? Because the steady state

error is still exist.

(Refer Slide Time: 09:47)

5— clear all; close all; clc

6
7- dt = 0.1; ts = 60; t = 0:dt:ts;
8
9—- eta(:,1) = [0;0;0];
10
11- eta d(:,1) = [1;1;-pi/4]; Ku=15 Kr =8;
12
13— _for i = l:length(t)
14— eta d(:,i) = [1*sin(0.1*t(i));1-1*cos(0.1*t(i));0.1*t(i)];
15= eta d dot = [0.1*cos(0.1*t(i));0.1*sin(0.1*t(i));0.1];
16— rho = sqrt((eta_d(1,i)-eta(l,1))"2+(eta _d(2,i)-eta(2,1))"2);
%ij theta = atan2((eta_d(2,i)-eta(2,i)), (eta_d(1,i)-eta(1,i))):
I‘E — if theta<n
a9 o n B BEUE 4 X oa

So, if I actually like increase this probably into 5, it would be faster right.



(Refer Slide Time: 09:50)
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So, like that you can actually like see it and when you go to error profile, so, you can see
that the error would be fastly converged to 0. So, these all you can actually like see it.
So, this is one side where the differential wheel vehicle are coming into a picture. Now
similar way you can see there are several nonholonomic vehicles are available right. So,
one such vehicle is car like robot where there are 4 wheels, but all the 4 wheels are
actually like not independently controlled. So, there are 2 wheels are actually like in

single axle.

(Refer Slide Time: 10:32)

i —— Kr=28;
12 h - -
13— _for i = l:length(t)
14— eta d(:,i) = [1*sin(0.1*t(i));1-1*cos(0.1*t(i));0.1*t(i)];
15= eta_d dot = [0.1*cos(0.1*t(i));0.1*sin(0.1*t(i));0.1];
16— rho = sqrt((eta_d(1,i)-eta(l,i))"2+(eta d(2,i)-eta(2,1))"2);
%Zy theta = atan2((eta_d(2,i)-eta(2,i)), (eta_d(1,i)-eta(1,i))):
i if thetadh
W P Typeheretosearch o aslBUY ji_ﬁni Bl ~G ¢
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So, in the sense in that one particular axle would be controlled with a traction and the

same wheel can be steerable or vice versa ok. In that sense what | can do? | can actually

take it that car scenario where the forward wheel drive line of sight method | am taking.

So, now you can see that the W matrix would get changed.

(Refer Slide Time: 10:41)
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26—
217
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29
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31-
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(Refer Slide Time

psi = eta(3,1);

J = [cos(psi),-sin(psi),0;sin(psi),cos(psi),0;0,0,1];
zeta(:,1) = inv(J)*(diag([1,1,8])*e);

u = sqrt(zeta(l,i)"2+zeta(2,1)*2); r = zeta(3,i);

W= [a/2,a/2;-a/(2*d),a/(2*d)];

zetam = Wrw;

u = zetam(l); r = zetam(2);
phi(i) = atand(l*r/u);
if abs(phi(i))>=45

nhi (i) = AGB*cign(nhi(i)) -

o n B R DEUE 4 X Bl ~Gc &,

: 10:45)

255

26—
21
28
29
30
31=
32=
339
34—
358
36—
3=

38
2

+

zeta(:,i) = inv(J)*(diag([1,1,8])*e);
u = sqrt(zeta(l,i)”2+zeta(2,1i)"2); r = zeta(3,i);

2,a/2;-a/(2*d) ,a/ (2*d)];

phi(i) = atand(l*r/u);
if abs(phi(i))>=45
phi(i) = 45*sign(phi(i));

end
V(i) = u;
W = [cosd(phi(i));0;sind(phi(i))/1;];
zeta(:,1) = WV (i);

zeta(:,1i) = [cos(psi),-sin(psi),0;sin(psi),cos(psi)

ptal- i41) = atal- i) 4 (1-pyn(-1*t (i)} ) *[~

o wBAABEUE 43 LR

So, that you can actually like recall what we did in the what you call in our generalized

wheel model. So, this is what we have done that you can apply and then get it. So, now

what you need to have? So, you need to have actually like two things one is steering



angle. So, the other one is actually like you call the forward velocity. So, both we are

trying to calculate based on the line-of-sight method.

So, where u and r would be calculated. So, after that, that | will substitute in the W
relation and then I will actually like calculate what is your you call the angular velocity
of the individual wheels ok, individual wheel and as well as the case. First, | will run the

simulation then I will explain.

(Refer Slide Time: 11:25)

So, you can see here. So, this is the forward wheel. So, these two are powered in a single
axle and this is the set point as given and it is actually trying to follow as a car what you
have done right. So, now you can see that this is what we are actually like interested.

This is also nonholonomic.

But here you can see that this is actually like forward wheel in the sense the both you can

say forward wheel is actually like powered in a single axle and as well as steerable.



(Refer Slide Time: 11:54)
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== psi),0;sin(psi),cos(psi),0;0,0,11*W*v (i
39 eta(:,i+l) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1)),0;sin(eta
40— eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*J*zeta(:,1)*dt;
41— -end
42
43
%&j veh box = 0.5%[-0.4 0.6 0.6+0.3*cosd(-90:90) 0.6 -0.4 -0.4;-0.3 -0.3 0.3
= wheel h o= 0 5*1-09.09009 -02 -0 7:-0 05 -0 NS 005N NS -0 NS1:
Y A weter o warh o n B BOEUE 4 X ~dafos 00

The same thing we can actually like do it for what you call the rear wheel drive.

(Refer Slide Time: 12:00)
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2‘5* 7 zeta (V:V,i) = Vinvr(rJ)*(diagr([rl,l,é])*ré);

26— u = sqrt(zeta(l,i)"2+zeta(2,1)*2); r = zeta(3,i);

27 W= [a/2,a/2;-a/(2*d),a/(2*d)];

28 B

29

30

30 phi(i) = atand(l*r/u);

30~ if abs(phi (i))>=45

33— phi (i) = 45*sign(phi(i));

34— end

35= V(i) = w

36- UEER: tand (phi (1)) /1:1;

7= zeta(:,1) = WV(i);

3 zeta(:,1i) = [cos(psi),-sin(psi),0;sin(psi),cos(psi),0;0,0,1]*W*V (i
I“l(i') stafs 1+1) = c-;/i i) 4+ 1"-‘:\’»/-'*'!1‘\‘\\'('\’\ VN i
1 I — o nAOEEUE 45 BR G s

So, this is actually like rear wheel drive. Then you can see that the W matrix slightly
modified where you compare to the forward wheel drive ok. There would be tan¢ would
come. So, | know like you know by this time. So, how to derive this what you call
generalized wheel model how to obtain this W for forward and rear. So, assuming that

these two are available and now you can actually like get it.



(Refer Slide Time: 12:23)
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So, the same situation | have given, but it is actually like the front wheel is actually
steering connected and the rear wheel is actually like powered. So, now this is actually
like trying to you call follow it. So, we will actually like see this is actually like taking

time ok. So, | will actually like ok. So, these are there.

(Refer Slide Time: 12:40)

o méxiéta(i,:)) — DR DR S CRR i 50w Y B,
ymin = min(eta(2,:)) - 0.5;
ymax = max(eta(2,:)) + 0.5;

axis([xmin xmax ymin ymax])
axis equal

grid on

xlabel ('x, [m]"')

ylabel('y, [m]');

78— pause (0.1)

79— hold off

80

81— end

82

83

D

l< e
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So, | do not want to actually like record it. So, this is actually like what you call video
recording.



(Refer Slide Time: 12:47)
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44— veh box = 0.5%[-0.4 0.6 0.6+0.3*cosd(-90:90) 0.6 -0.4 -0.4;-0.3 -0.3 0.3
45— wheel b = 0.5*[-0.2 0.2 0.2 -0.2 -0.2;-0.05 -0.05 0.05 0.05 -0.05];

46

LI

48

49— for i = 1l:lengthi(t)

50— psi = eta(3,1i); x(i) = eta(l,i); y(i) = eta(2,i);

51 R = [cos(psi),-sin(psi);sin(psi),cos(psi)];

522 v_m = R*veh box;

53— w_m3 = R*(wheel b+[0;0.35/2]);

54— w_m4 = R*(wheel b+[0;-0.35/2]);

55= Rl = [cosd(phi(i)),-sind(phi(i));sind(phi(i)),cosd(phi(i))];

56— w_ml = R*(Rl*wheel b+[0.3;0.35/2]);

| w_m2 = R*(Rl*wheel b+[0.3;-0.35/2]); i
B P Typeneretosearch or = @ & BUE 4% Bl ~@céos 0, 8

So, that is not supposed to be record here. So, | will just run this and we can actually like

see it so how this will go?

(Refer Slide Time: 12:58)
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61— P m2(I, )+ ol | u
62- £1100m3(1, )+ o Ei‘
63— fill(w md(1,:)+ 4
64 £ \
65— plot (eta(l,1:i) j
66— plot(eta d(1),e J‘ ]
67 % plot([eta d(1 2 ‘ y [eta_d(2),eta d(2)+0.2*
68— plot (eta_d(1)+0 ‘ ‘ — ] ind(0:360),'c--")
69— xmin = min(eta( . OW "
= xmax = max(eta(l,:)) + 0.5;
Tl ymin = min(eta(2,:)) - 0.5;
12= ymax = max(eta(2,:)) + 0.5;
I3 axis([xmin xmax ymin ymax])
74— axis equal
I-é)- grid on i

s B8 @3

o
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So, you can see right. So, it is actually like taking a similar way, but only thing it is
actually like slide variation would be in the control input because it is actually like rear
wheel drive. The similar way you can even go with uni you can say cycle where only one
wheel that would be connected with a few casters on the wheel base. So, that it can move

it. In fact, in the last to last lecture | was discussed about this. So, we can see that.

(Refer Slide Time: 13:31)
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69— xmin = min(eta(l,:))

70— xmax = max(eta(l,:))

7= ymin = min(eta(2,:)) - 0.5;

2= ymax = max(eta(2,:)) + 0.5;

73— axis([xmin xmax ymin ymax])

7}* axis equal

IT grid on

& P Typeteretosearch 0 :-Lﬁ:u[ﬂio\ i3 @&

So, far that | am actually taking that another one which is what you call unicycle model.

So, I will actually like take it that unicycle.



(Refer Slide Time: 13:40)

if rho<0.01
e = eta d- eta(:,i);

28= end

22

23= psi = eta(3,1);

2= J = [cos(psi),-sin(psi),0;sin(psi),cos(psi),0;0,0,1];

25— zeta(:,1) = inv(J)*(diag([1,1,8])%e);

26— u = sqrt(zeta(l,i)"2+zeta(2,1)*2); r = zeta(3,i);

= W= [u;0;r;];

28— zeta(:,1) = W;

29 eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1i)),0;sin(eta(
30— eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*J*zeta(:,i)*dt;

31- -end

3

2

o o s AOEEUE 4 X B T s

So, you can see in this case only the W would be having actually like 1 input. So, where
u and r is directly controllable.

(Refer Slide Time: 13:49)
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So, that is what we are actually trying to take. So, in the sense this is the unicycle I did
not show the what you call the passive caster wheel. So, now you can see that this
particular wheel configuration is trying to follow this. So, | have actually like change that
configuration. So, here also we recorded.
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61— axis equal

62— grid on I

63— xlabel('x, [m]"')

64— ylabel('y, [m]');

65 pauuse (0.1) |

66— hold off i

67

68— end L

69

70

71

12

73
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(Refer Slide Time: 14:13)
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31- “end

32

33

34— veh box = 0.5%[-0.4 0.4 0.4 -0.4 -0.4;-0.3 -0.3 0.3 0.3 -0.3];

395 veﬁ_box = 0.5%[0.4*cosd(0:360);0.4*sind(0:360)];

36— wheel_b = 0.5%[-0.2 0.2 0.2 -0.2 -0.2;-0.05 -0.05 0.05 0.05 -0.05];

31 |
38— for i = 1l:length(t)
39— psi = eta(3,1i); x(i) = eta(l,i); y(i) = eta(2,i);
40— R = [cos(psi),-sin(psi);sin(psi),cos(psi)];
41— v_m = veh box;
42
43— w_ml = R*(wheel b+[0;0]);
;gl Filllw m(1 V4w (i) v m(2 «V+uli) 'y') -
s == vy @
W 2 Typeteretoseach or n BREEBEUE 4 F Bl ~Gcdos o W

Because this particular case we are using it for some other benefit.



(Refer Slide Time: 14:15)

19- if rho<0.01 o P
20— e = eta d- o ‘
21— end _{“
22 =4
235 psi = eta(3,1);
24— J = [cos(psi),- 3 D 00,11
25— zeta(:,i) = inv ‘
26— u = sqrt(zeta(l iz TR B,i):
275 W= [u;0;r;]; =
28— zeta(:,1) = W;
29 eta(:,itl) = eta(:,i) + (l-exp(-1*t(i)))*[cos(eta(3,1i)),0;sin(eta(
30— eta(:,i+l) = eta(:,i) + (l-exp(-1*t(i)))*J*zeta(:,i)*dt;
31- -end
%
)
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Because we can record this video. So, now you can see the same scenario only thing it is
actually like there is no restriction on what you call sliding ok. So, it is actually like still

nonholonomic, but the lateral resistant is not there. So, this is unicycle.
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So, similarly only one left we not discussed that is a tricycle, | will take that tricycle also

here and I will actually like run that.

(Refer Slide Time: 14:40)

,"(psi),cos(psi),0;0,0,1];
AL e 181) *e);
) =0 )~2); r = zeta(3,1i);
75 W= [u;0;r;];
28— zeta(:,i) = W;
29 eta(:,itl) = e I
30— eta(:,itl) = eta(:,1i) + (l-exp(-1*t(i)))*J*zeta(:,1)*dt;
31- -end

eta(:,1) + (l-exp(-1*t(i)))*[cos(eta(3,1)),0;sin(eta

You can actually like get a feel how that will happen. So, you can see that tricycle
model. The tricycle model in fact we derived in the what you call our own lectures. So,

now you can actually like a put that into a case.
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34- end o
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40— eta(:,itl) = eta(:,1) + (l-exp(-1*t(i)))*J*zeta(:,1i)*dt;
41— -end

42
43
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red
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So, now you can see the vehicle trying to do it right. So, this is a forward wheel drive
and, but it is a single wheel. So, this is what we have seen. So, now, what one can
actually like see it? So, there is a W change the you can say the further performance will

get changed right. So, that is what we are actually like trying to discuss.

So, what we can actually like see that all the combinations are actually like depend on
only one thing which is what we have actually like derived as a W. So, now, you change
the W. Your wheel you can say scenario or you can say behavior will get changed. So,
that is why you can actually like say that they are nonholonomic and holonomic
condition you should know if the W matrix rank is 3 then you are actually like safe all 3
states are controllable.

So, that is what we wanted. So, now you recall that particular lecture and see which are
the vehicles are actually like you can say you can say holonomic. So, those are you can
directly substitute what you have derived as a kinematic control. Only thing if you have
more control input and your W* what you have taken right that would optimize the

output or you can say the control inputs it will optimize.

But whereas, you have actually like a rank of the W is less than 3 then you have to
actually like see which are the states you want to control, then you have to play a small
tweak on the you can say the position input which you call desired trajectory that you



have to see. So, now what we have done we have done the kinematic control that to like

a simulation also we have done along with what you call the wheel configuration.

In the next lecture we will see the other class of you can say the motion control what you
call dynamic control, then we will actually like move ahead further we will bring to the
close loop control along with the dual loop scenario. So, with that we will see in the next
lecture with the dynamic control, until then see you bye, take care.



