Wheeled Mobile Robots
Prof. Santhakumar Mohan
Department of Mechanical Engineering
Indian Institute of Technology, Palakkad

Lecture — 10
Kinematic Simulation of Wheeled Mobile Robots Part 2

In the last part, what we have seen? In the same lecture 10, what we have seen is a
differential wheel drive kinematic simulation with consideration of w1 and w2. In this
particular lecture a part 2, what we are trying to see the omni-directional wheel drive
kinematic simulation where we will take one such configuration where the you can say

three wheels are actually like orient with respect to 120° each.

So then we can see like w1, w2, w3 comes. And on top of this omni-directional wheel
having a passive roller, so definitely in the last lecture itself, I gave a hint that this can

move in a lateral direction that we can see based on this particular kinematic simulation.
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So, I will actually like see the second example.
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So, which is actually like one of the phenomena which in the current trend people are
bringing it, because most of the warehouse now they wanted autonomous vehicle either
it is actually like automated guided or autonomous mobile robot. But these are actually

like supposed to manoeuvre within the shop floor.

Within the shop floor, they do not want to actually like move as a conventional vehicle,
because the floor is actually like smooth and actually like you can see engineered. So,

even you can actually like allow the lateral motion.

But the same you call omni-directional wheel or mecanum wheel cannot be applied in
the real environment. Why? The passive roller will not be giving the same performance if
it is actually like non-smooth surface, so that is what the idea that is why the omni-

directional and the mecanum wheels are popular in the warehouses.

So, now, we will come back here. | just wanted to give little you can see background
here. You can see like this is the point where we call Ci, and this is the point what you
call Cz, and this is the point you call Cs, in the sense this is the wheel 1, wheel 2, wheel

3. What we are trying to find; w1, w2, w3 equation.

So, now what one can actually see, you have to fix the frame, but what we usually take?
Along the drive direction your Xc1; then based on the right hand rule, you will take the

Yca right. So, similarly you can see this is the Xc2. So, this is Ycz, and this is what your



Xcs; and in that case, so this is what Ycs. So, why am | actually like putting this? So, that
you can bring a new variable called a. So, the o is actually like angle between your C: to

the bay with respect to x-axis.

So, in this case, a1 would be 0. Whereas, this one is actually like a2 is exist. For

simplicity, | am taking its identical in the sense symmetric about this point, so it is 120°.
And this is another one this is actually like a3 so which is 240°. So, in the sense, what |

got it? a1 = 0%, a2 is actually like 120 degree, and a 3 is actually like 240 degree.

Why this is important? Because what | am trying to do? | am trying to find out what is
dx1, what is dyi1, similarly I will go dxs to dys right. So, for finding that, | need these

angles that is why | am actually like bringing it.

So, now, if you look at 6s1, what is 081? The angle between you call xsz, Xc1 that is what
0, you can say Bi. So, now, in that case, this is the xs direction and this is what the y s

you can say Xci direction. So, what is the angle? So, 0s1 is actually like 90°. So, in this

case, you can see, so this is what the case. So, you can actually like extend. So, I will just

| erase this.

So, now what we have done this. So, now, you can see this is the xs direction, and this is
the angle so which is a2 + 90. So, similarly you can see here this is what your case. And

you take always counterclockwise is positive in the sense az + 90° that is what 6s3 and

this is Os1.

Because in the lecture what we have covered in lecture probably 8 which was actually
like talking about example, | have directly given this 0s1, 682, 883. S0, you may have a

confusion, so that is why | was actually like given this.
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So, now based on this what you have? So, you have obtained and the passive roller
radius and as well as you can say the passive roller angle which is ¢. So, what ¢ we have

said? So, what is the slip direction? And slip direction with respect to y axis that is what

1.

Or you can take so what you call the passive roller axis which is actually like angle
between passive roller axis along with what you call x-axis. In this case omni-directional
all are actually like aligned with x-axis in the sense the passive roller axis aligned with x-

axis that is why we have taken ¢1, ¢2, ¢z as 0.

So, if you do this, what you got it finally, the equation what you wanted. So, now, you

can see that if you apply the 1207 configuration, so you got the & in this form. So, now,

what you can do? So, what we have did in the earlier case the same way, you can
incorporate instead of what you have done earlier. So, this rectangular matrix you have
substituted right. So, instead of that, you use this particular square matrix, and you do the

same simulation.

So, | hope you can do this. Anyhow at the end, | will try to show something, but right
now this is what the understanding. So, you know like what we have done. So, the { =W
x . So, earlier case you have taken the W based on what you have obtained in the
differential wheel this particular W I have given. So, now, you just replace, and you play

this w1 w2 and w3 variation and you have actually like two variable a and I. So, now you



can actually like play accordingly, and then see what would be the required performance
and all.

So, with that what one can see, like the second example also like done. So, | will move
directly to the MATLAB after showing the third example, so then it would be easy. So,
we will just you can say plug and play the W value.
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So, now going to the third one. So, the third one you can see like this is a mecanum
wheel drive. There are four wheels. So, there is actually like distance. So, the distance
between two wheels in the y-axis, | call 2d; and the distance between two wheels along
x-axis, | call 2L, and the wheel radius is 2a. So, further you know like the roller axis is
like this and you are you can say xcx is like this.

So, what would be this angle? This angle is actually like ¢, and this is actually like
counterclockwise so that is why ¢ 1 is positive. And here for simplicity, we have always

taken as 45 mecanum angle in the sense ¢ 1 is 45. And you can look at this the wheel 1

and 3 are actually like similar in configuration in the sense ¢3 also like 45.

Whereas, if you look at this, the wheel you can say axis and the xcu is actually like you
can see it is non-counterclockwise; in the sense it is in clockwise, it is negative. So, that

IS why you can see ¢2 and ¢4 we have taken as - 45° in the lecture 8. Now, you got it

right.



So, now, what we need? We need the distance. So, you can see like this is actually like
symmetric. So, in the sense this is | and this is actually like - I. So, this is actually like
minus |. So, similarly, this distance is actually like + d as per the you can say coordinate.

So, this is, so this is actually like - d right.
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So, now you can actually like get that is what we did in the lecture 8. So, these are the
cases. So, now, if you substitute, what you will get? You will get this particular, you can

say final model. So, now again you can actually like plug this, and actually like you can

play.

So, now, one easily you can notice. So, when you have two wheels that too like identical
shape in the sense, so the wheel radius is actually like a1 and a2 are a, what you got it?
So, the W matrix is actually like something like a by 2 as a common factor right. So, |

can rewrite that.

So, this is the common factor. Now, you assume that a1 = a2 = as = a, so what you have
obtained in the mecanum wheel to omni? So, omni you can see that the a by 3 is a

common out. If you take it out, you can see that the a by 3 will common out, and you can

see this is actually like — “EE And you can see this is actually like in the other way around

| can right that is easy for me to get it.
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So, what that? This is =, this is —. So, this is actually like , and this is — 3, this is —,

and this is § 3 has come right out, so that is why we are actually like interested.
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So, in that sense, so this is actually like straight forward, so this is 0, this is —v'3, this is

\E, and this is 2, and this is - 1, this is - 1, and this one would be f and this is f and this

is also f Why we are taking this kind of thing that is what | wanted you to explore?



So, now I will give you a small hint. So, what the hint? If you have two powered wheel,
so definitely the combination will actually like make it. So, when you write the force into
distance, what that? That is moment right. So, there the distance would be multiply. Now,

you recall what you written as a linear velocity?

The linear velocity you write rw; r is the radius, and w is the angular velocity. In that
sense, the linear velocity you can write it in this form. But right now this is the last row
what it looked like? The last row would is actually like w component, this is w | can

write as =.
"

So, now, you have to be very clear. If you talk about moment that would be force into
distance. Whereas, the angular velocity that would be linear velocity divide by the
distance or the radius, so that is why you can see that so this is coming as | or you can
take it in the other way around.

So, d all are actually like in the denominator rather than the numerator. The same
phenomena you can actually like see it even in the end. You can see that whatever the
distance that is coming in the denominator. So, now, you got it why this a by 4, and a by
3, and a by 2 is coming, similarly why the last row is coming the distance is you can say
something like a reciprocal or the distance is in the denominator that is what the whole

idea.

Now, let us actually like move to the you call a MATLAB screen and we can actually
like try to identify this particular case. So, for that, | am taking the mecanum wheel first,
then we will actually like move forward. So, I will actually like move to the MATLAB

screen.
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28 0,0,11; T
29 %% inputs
30— omega 1 = -0.5; % left wheel angular velocity
3l omega 2 = 0.5; % right wheel angular velocity
32
33= omega = [omega_l;omega 2];
34 %% Wheel configuration matrix
35
36— W= [a/2,a/2;
37 0,0;
38 -a/(2*d), a/(2*d)];
39 % velocity input commands
40— zeta(:,1) = W*omega;
£
[ A% Time derivative nf aeneralized cnnrdinates
s o wn @
B P ipetreioseac or n CAREEUYUEF & L HONR R )

mecanumSo, | will just change it as a name just for my understanding. | just put this

omni. So, | will put omni as 0 m. So, now, this would be having 3 w right.
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28 0,0,11; 7
29 %% inputs
30— omega 1 = -0.5; % left wheel angular velocity
315 omega 2 = 0.5; % right wheel angular velocity
32 omega 3 = 0.5;
33~ omega = [omega 1;omega_2;omega_3];
34 %% Wheel configuration matrix
35
36— W= [a/2,a/2;
37 0,0;
38 -a/(2*d), a/(2*d)];
39 ? ¥ velocity input commands
40— zeta(:,1i) = Wromega;
v Time darivative nf aenaralized cnardinates R
s o we @
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So, now you would be writing ws. So, | will just take it this is also 0.5.
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9 %% Vehicle (mobile robot) parameters (physical)

10— a = 0.2; % radius of the wheel (fixed)

g 11 = 0.5; % distance between wheel frame to vehicle frame (along y-axis)
12

13 %% Initial conditions
14— x0 = 0.5

15- y0 = 0.5;

16— psi0 = pi/4;

17

18— etal = [x0;y0;psi0];

19

Zé‘j eta(:,1) = etal;
h’»m o
- urs o wn @
0 P ipeheretosearch or € a s B U €4 [ TSR S |

So, now this would be having two things. So, what two things? So, the distance is
actually like between the wheel frame to the vehicle frame, now I call it as I. So, now,

this is what we have used.
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25 Jacobian matrix wa
26— J psi = [cos(psi),-sin(psi),0;

27 sin(psi), cos(psi),0;

28 0,0,1];

29 %% inputs

30- omega 1 = -0.5; % left wheel angular velocity

3= omega 2 = 0.5; % right wheel angular velocity

305 omega_3 = 0.5;

33 omega = [omega l;omega 2;omega 3];

34 %% Wheel configuration matrix

35

36— W= [a/2,a/2;

37 0,0;

38 -a/(2*d), a/(2*d)];
= | % velocity input commands

p— urs o T
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40— zeta(:,1) = Wromega;
41
42 Time derivative of generalized coordinates
43~ eta dot(:,i) = J psi * zeta(:,i);
44
45 %% Position propagation using Euler method
46— eta(t,it+l) = eta(:,i) + dt * eta_dot(:,i); % state
47 % (Generalized coordinates)
48
49— end
50
51 %% Plotting functions
52 % fiqure
@ iplot(t, eta(l, i), ="y
-
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51 %% Plotting functions
52 % figure
53 plot (t, eta(l,1:i),"'r-"};
54 % set(gca, 'fontsize’,24)
55 % xlabel('t, [s]'):
56 % ylabel('x, [m]');
57 % 1
58 ¥ figure
59 % plot(t, eta(2,1:1),'b-");
60 % set(gca, 'fontsize',24
61 % xlabel ('t,[s]');
62 % ylabel('y, [m]'):
63 %
@ i figure
e e
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58 % Tigure ™
59 % plot(t, eta(2,1:i),'b-");
60 % set(gca,'fontsize',24)

61 t xlabel('t,[s]');:

62 % ylabel('y, [m]');

63

64 % figure

65 % plot(ty, eta(3,1:1),'g-");

66 % set(gca,'fontsize',24)

67 % xlabel('t,[s]');

68 % ylabel('\psi,[rad]');

69

70—  figure

71= plot(t, eta(l,l:i),"t=");

nbld on
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B P Typeheretosearch or ~»CHBR BUE x4 [ EESUI N ey |

(Refer Slide Time: 12:37)

o 8001 - ChUses\eyap DesiopNFTEL WMRinematic_model_mobi 000w omm* - 0 X
ion
& [ G @ wwBEA § D B s O
Now Open s oz ™ SAGOTw Commet % & D g Bt [ ppae  Pmond
v v v @ ndet (1] o) e - v Asuce Time
ne o wswrons A

70—  figure
pis  plot(t; eta(l;1:i);"x~");
72=  hold on

735 plot(t, eta(2,1:i),'b~-");

74- plot(t, eta(3,1:i),'m-.");

75—  legend('x,[m]','y,[m]',"\psi, [rad]');
76— set(gca,!fontsize',24)

77— xlabel('t,[s]'):

78—  ylabel('\eta, [units]');

80 %% Animation (mobile robot motion animation)
81- 1 =10.4; % length of the mobile robot
82— w = 2*d; % width of the mobile robot

8

Mobile robot coordinates

4 g
A wsages of 0" found (2] wipt 8 ol 2
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VTEmhw%f3¥T£,*eta(l,lzl),'r—'); s
72 hold on

g3 plot(t, eta(2,1:i);'b--"):

74 plot(t, eta(3,1:i),'m-.");

75 legend('x, [m]"', 'y, [m]"', '\psi, [rad]"');

76— set(gca,'fontsize',24)

77 xlabel ('t, [s]'):

78—  ylabel('\eta, [units]');

79
80 %% Animation (mobile robot motion animation)
gty 1 =21 w; length of the mobile robot
82— w=2*; % wi he mobile robot
83 Mobile robot coordinates
84- mr_co = [-1/2,1/2,1/2,-1/2,-1/2;
! d%) -W/2,-w/2,w/2,w/2,-W/2;];
’ P Tpeheetosea o n CHAEREEUE X 4 [ SNV |

So, in the sense, | call it here this | is actually like I will put it as two times | just for
simply, here also I have given | right. So, I will put this is length or | put I. So, here that
is fine. So, the same | you can take it as. There | will change it that is actually like

easiest. So, | will just change it as that is wheel configuration.
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9 %% Vehicle (mobile robot) parameters (physical)

10 a = 0.2; % radius of the wheel (fixed)

11 1 w=20.3; % distance between wheel frame to vehicle frame (along y-axi
12

13 %% Initial conditions

14 x0 = 0.5;
15 y0 = 0.5;

16— psi0 = pi/4;
17
18- etal = [x0;y0;psi0];
10
20— eta(:,1) = etal;
21
%i) %% Loop starts here
I<2 - far i = 1+*1lenath(t)
W P tpeheretoser o n CESBEEUE X 4 .~ & oo, B

So, now what | am trying to do here is Lw, so that would be probably 0.3. So, now, what
we are trying to do? We are trying to incorporate this W; this W is no longer you can say

3 x 2. This would be 3 x 3. And if you look at it, what we have done, the first wheel



would be in the you can say vertically upward.
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onm | sin(psi), cos(psi),0; by
28 0,0,1];
29 %% inputs
30 omega 1 = -0.5;
31 omega 2 = 0.5;
32 omega 3 = 0.5;
33 omega = [omega_l;omega 2;omega 3];
34 %% Wheel configuration matrix
35
36— W= a/3*[0,-sqrt(3),sqrt(3);:
37 2,-1,-1;
38 1/1 w,1/1 w,1/1 wl;
39 velocity input commands
40— zeta(:,1) = Wromega;
| ®
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So, in that sense, this would come. So, | will take it as a common out a by 3 as common
out. So, this is 0 and —V'3; it taking time, ¥3. So, then you have actually so I will just
check what the equation we have use, so 2, then - 1, and - 1. So, | will just use it that so

2,-1,-1. The last one would be just% Here | is | have written as | underscore w. So, this

. 1
is what T W.

So, now what we have done? We have actually like incorporated the wheel configuration
matrix based on the omni-directional wheel. So, there are three omni-directional wheels

which are actually like having 120° apart. So, where the first wheel is actually like

exactly aligned with y-axis, but it is distance away from |, so that is what we have tried.

And now you can actually like run it.



(Refer Slide Time: 14:58)

28 0,0,1];

29 %% inputs

30 omega 1 = |0.5; angular

31 omega 2 = 0.5; angular ve

32 omega_3 = 0.5;

33 omega = [omega_l;omega_2;omega 3];

34 %% Wheel configuration matrix

35

36 W= a/3*[0,-sqrt(3),sqrt(3);

37 2,-1,-1;

38 1/1 w,1/1 w,1/1 w);

39 velocity input commands

40— zeta(:,1) = W*omega;

4
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So, I will just give initially like what we did in the earlier case, we have taken all are
equal right. So, now if you are looking in that way, if you put w1, w2, ws, all are equal
what one can expect? So, it will move forward right as per the differential wheel

configuration. But if you look at in this configuration, it would not do that way.

Why? Because all the wheels are actually like aligned in some such a way that it is a
circumference way, and you look at the configuration. So, you just look at in this
configuration. So, the first wheel is actually like giving the velocity in y direction, but
the second and third is giving you can say other way around.

In that sense, what you can see all three are actually like trying to give a tangential
velocity in a you can say counterclockwise direction. So, in that sense, if you run this
code, so what you can see? The vehicle is actually like rotating about its own that is what

you can feel it. So, I will actually like try to see.
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32— omega 3 = 0.5; 10|
33= omega = [omega
3: %% Wheel confi 0(’)" T
Lfs]
36— W = a/3*[0, -sqrerorysgretory
37 2,-1,-1;
38 1/1 w,1/1_w,1/1 w);
39 % % velocity input commands
40— zeta(:,1) = Wromega;
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80 %% Animation (mobile robot motion animation)

81— 1 =2*1 w; % length of the mobile robot

82— w =0.4; % width of the mobile robot

83 % Mobile robot coordinates

84- mr_co = [-1/2,1/2,1/2,-1/2,-1/2;

85 ~w/2,-w/2,w/2,w/2,-w/2;]);

86— figure

87— lifor i = 1:5:1ength(t) % animation starts here

88— psi = eta(3,i);

89— R psi = [cos(psi),-sin(psi);

90 sin(psi), cos(psi);]; % rotation matrix

als v_pos = R psi*mr _co;

9@ fill(v_pos(l,:)+eta(l,i),v_pos(2,:)+eta(2,i),'g")
I‘Q"'“ hnld an__arid on o
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So, I think, so the distance | made it. So, this is not 2d. This | am putting as 0.4, because
the d we did not define right.
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So, now you can see like it is much faster, because there are three wheels and it is
actually like making it rotating. So, that is why you could not see any path because that is
actually like making it in the same point. So, | am really sorry for the resolution. I am
just tried, but it did not come up. So, now, we will actually like see it is keep on going
because we have ran for 100 second.

So, but now you can actually like see if you want to move forward, so what one can
expect by look this configuration? By looking this configuration, what one supposed to
see? The first wheel whatever angular velocity | give that will try to move you can say
lateral direction. So, you take it second and third opposite direction in the same velocity.

What one can see, you can see that that is moving forward.
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9 %% Vehicle (mobile robot) parameters (physical)
10 a =0.2; % radius of tl heel (fixed)

11 1lw=0.3; frame to vehicle frame (along y-axi
12
13 %% Initial conditions
14 x0 = 0.5;
15- y0 = 0.5;
16— psi0 = 0;
17
18— etald = [x0;y0;psi0];
19
20— eta(:,1) = etal;
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So, just to understand that | just make it for that, so | am taking that | am taking it the
configuration also like instead of moving it, I am just showing it otherwise all the time |

am showing inclined way right. So, I am just changing.
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29 %% inputs ‘ g1
30 omega 1 =0; 4 '3 o]
31 omega 2 = —0.FJ 0l Lty
32 omega 3 = 0.5;1
33= omega = [omegq‘ -1
34 %% Wheel confil 401 2 3
35 1 X,[m]
36— W= a/3*[0,-sqrt(3),sqrt(3);
37 2,-1,-1;
38 1/1 w,1/1 w,1/1 w);
39 velocity input commands
40— zeta(:,1) = Wromega;
@
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So, now, this is so this is actually like opposite direction, and this is having a 0. So, now,
in the sense w2 is actually like rotating in the sense the tangential velocity will be
towards X, and this is also towards x. Whereas, the y component would be counteract,
and then it go away that is what we can see.



So, now if you are actually like looking at, you can see right it is moving forward. So,
now, you want to actually like move upward, then do not tell that only w1 I give and w2
and ws, | give 0 then it would go like that, no, not like that. So, for that, what you have to

do? So, both are actually like supposed to be same.

And now you actually like try to see, what would be the case? So, you take the picture
then you can actually like understand. So, this is going like this, and this is actually like
going like this. But what you want? You want actually go upward right. So, in that sense,
you can see this is giving the velocity component y axis is downward, here also it is
giving downward. So, then what you need to know? So, you actually like put it the other

way around. So, both are actually like negative.
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30 omega 1 = 0.5 '3
31 omega 2 = -0.§ 0
32 omega 3 = -0.§
33 omega = [omega -1
34 %% Wheel confi A0 1 2 3
35 X,[m]
36 W= a/3*[0,-sqgrt(3),sqrt(3);
37 2,=1,-1;
38 1/1 w,1/1 w,1/1 w);
39 velocity input commands
4/0_- zeta(:,1) = W*omega;
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So, then what one can actually like see if | give something here also, so you can see
some action, so you can actually like feel it I am just giving a random you can see right
some rotation is happening. Why? So, you have to actually like see the square root that is
why the wheel configuration matrix is required. You see randomly we have tried it is not

working right.

So, now, you do in the mathematical form. What the mathematical form? | take the w,
you can say case. So, what you want? You want only v right. v is actually like written as

S0 EXZwl - w2 - w3. Now, you just substituted only in the other way around right. So, in



the sense, what you have tried. So, these two are actually like equal to this, so that is
what you did right.

So, in the sense it is actually like giving 4w, but what you are looking at here you did not
look at it, and here also you did not look at it. So, in the sense, it is supposed to be

opposite direction, so that you can actually like make it. So, now you actually like try.
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30 omega 1 = 0.5/ 3 1l ’ y
31 omega 2 = -0.§ 0l Lty
32 omega 3 = 0.5;
33 omega = [omega 1
34 %% Wheel confi 40 1 2 3
35 x,[m]
36— W= a/3*[0,-sqrt(3),sqrt(3);
37 2,-1,-1;
38 1/1 w,1/1 w,1/1 w);
39 velocity input commands
40— zeta(:,1) = W*omega;
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So, | will just give this, and then we can actually try it. So, you can actually like see it.
So, what you are trying to see, you are not getting it again right. So, why it is s0?
Because you have to have one thing, so for x-axis, you can actually like make it; for y-
axis, you have to actually like get it in the other way round you take this equation. So,

you want to make it u = 0. So, then this supposed to be opposite.

But when you are actually like putting it here it is actually like giving. But what
happening here, the third equation? For example, | will take it in a PDF also so what
happening these three? So, still there is a moment which is exist right, so that is why we
are actually like unable to get this. So, if you want to do this, so we can actually like

make it further. Similarly, we can do the mecanum wheel.

So, in the sense the lecture you can say 10 — part 3 would be addressing the you call
kinematic simulation of mecanum wheel and as well as the one of the special case. So,

with that the part 2 end here, where we talk about the omni-directional you can say



mobile robot kinematics simulation. So, we will see in part 3 where we would be seeing
mecanum wheel and two-independent rotatable power wheel configuration. With that

saying.

Thank you.



