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Welcome back to Wheeled Mobile Robots. So, this is lecture 10, where we are going to 

talk about more you can say kinematic simulation aspect. So, last class we have seen last 

two classes, we have seen like design of maneuverability, based on that we have derived 

the generalized wheel model.  

Based on the generalized wheel model, we have actually like got the final equation in the 

form of you can say angular velocity that you would be taking as a velocity input 

command. So, based on that what we are trying to do in this particular lecture; we would 

be doing a kinematic simulation on MATLAB.  

Before that I will show you like what are the example we have seen, from that we will 

extract the equation and we will start incorporating in the MATLAB directly. So, let us 

actually like go the slide one by one.  

(Refer Slide Time: 00:59) 

 

So, we will actually like come back to the content of this particular slide or you can say 

lecture. 



(Refer Slide Time: 01:01) 

  

So, we would be recalling what is kinematic model we derived and based on the 

generalized wheel model, what we have obtained and we will take three example in this 

particular lecture. So, where we would be starting with a differential wheel drive as a prime 

most; because that is the simplest one and many of our you can say industrial wheeled 

mobile robot in the configuration of differential wheel.  

And similarly if you see any shop floor or you can say warehouses; so now this Omni 

directional and Mecanum wheel drive mobile robots are coming in a very you can say 

bright way. So, in that sense we will try to cover these three and in the next lecture, this is 

the same thing we will extend as a part 2.  

There we would see something like a specific configuration. For example, independent 

steerable wheel if we bring it; so how that would be coming into a picture or synchro drive 

or unicycle like that some specific example which is a special case that we will brought 

into a part 2. 

But the part 1 would be a conventional one, which we have already derived in the 

generalize wheel model lecture. So, where if you refer lecture 8, then you can actually like 

find these all the you can say kinematic model ready. 



(Refer Slide Time: 02:16) 

 

So, in that sense what we are trying to recap. So, recapping is in the sense, we are actually 

like known what this, what you call kinematic model and based on this kinematic model, 

this is what you call the input; that input you can write in the form of you call, so W × 𝜔. 

So, where this 𝜔 what you call actually like angular velocity; now this W what we derived 

based on so called the generalized wheel model. 

(Refer Slide Time: 02:41) 

 



So, in that sense what we are actually trying to recall the generalized wheel model. So, if 

I actually like know there is a powered wheel, where the angular velocity is 𝜔; so ith wheel 

angular velocity I can obtain based on this particular equation. 

So, this is not the case in this particular lecture; this particular lecture what we have derived 

in the lecture 8. So, few of the examples we have seen; we will extract the equation and 

we will try to incorporate in a MATLAB simulation code and then we will show how this 

can be done. 

(Refer Slide Time: 03:10) 

 

So, for that we will take the first one. So, here actually like you can see that this is a wheel 

1, where you would be having a you can say linear velocity here, another linear velocity 

here. So, where here you can see that this is 𝜔1 and here actually like 𝜔2.  

So, these two we are actually like trying to derive based on the you call generalized wheel 

model, where we can actually like see 𝜔1 and 𝜔2 and we can actually like get the what you 

call the relation ξ. So, the ξ I can write in other way around; so, the ξ which we used to 

write in the, so this way; so the ξ = W × 𝜔. 

So, now we will actually like find this. So, based on the equation; so obviously you know 

like this is the distance which we call actually like d and this is also d, but this is in the 

opposite direction. So, I am putting - d. In that sense, you can see the dx1 would be 0; 



because the wheel frame what we can actually like see here. So, I am just drawing, this is 

what the wheel frame, this is c2 and this is what you call the c1.  

So, now this is xc1 and xc2 you can see. So, now, in that sense what one can see. So, the 

distance dx1 and dy1 easily you can get it. So, this is the first wheel. So, that is actually like 

this and dx2 and dy2 you can actually like get it again based on this. Since there is a no 

passive; you can say there is no passive roller, so you can say that 𝜙1 and 𝜙2 are 0.  

In the sense what one can see based on this equation, you can substitute everything and 

then you can get it. Further you can see that the B frame and the c1 and c2 are actually like 

a parallel frames; in that sense the θ1, which is I call θB1 and θB2 are 0. 

(Refer Slide Time: 05:06) 

 

So, if that is the case, what would be the final equation which we obtained? So, these are 

we have actually like derived based on this. So, this is the final equation we obtained. So, 

this equation now we extracted. So, based on this, we will actually try to do a what you 

call kinematic simulation. 

So, now we will actually like move to the MATLAB screen and we will try to incorporate 

this. So, now, if I vary this 𝜔1 and 𝜔2; so what will happen to your what you call 𝜂. So, 

that is actually like with respect to time; this is what we are trying to do as a kinematic 

simulation here. So, what we actually like know, this �̇� we can write as J(𝛹 × ξ). 



But now, this sorry this ξ is actually like rewritten as, so W × 𝜔. So, in the sense this we 

will actually like write it. So, now, we will substitute this 𝜔 vector, whereas earlier we 

have taken directly [
𝑢
𝑣
𝑟
] we have given; but right now we will take the configuration which 

is given as to us, so which is 𝜔1 and 𝜔2. So, now, we will try to see that here in the 

MATLAB screen. So, let me go.  

(Refer Slide Time: 06:13) 

 

So, you can see now. So, this is a MATLAB code which we have taken since last two 

classes; in the sense lecture 5 and 6, we have used this. 

 (Refer Slide Time: 06:24) 



 

So, now, what we are actually like trying to change. So, we are trying to change now, there 

is no desired. So, there is no actually like input. So, what we are trying to do? 

(Refer Slide Time: 06:37) 

 

So, I am actually like saving it this is in a different file, so that for my reference; I am just 

taking it this is v. So, I just put w. So, now what I am trying to do? I am actually taking 

out all those things, ok. 



(Refer Slide Time: 06:48) 

 

So, now I am actually like saying this ξ is actually like written as W × 𝜔, ok. So, I will 

write. So, 𝜔 vector, ok. So, this is what I am calling ξ, ok. So, in the sense, this is what my 

ξ. 

(Refer Slide Time: 07:07) 

 

So, now, the ξ is obtained; but the ξ is obtained based on the wheel angular velocity, so 

that is what our input. 



(Refer Slide Time: 07:22) 

 

So, in the sense I can write that as, so 𝜔1. So, which is actually like your first wheel, in the 

sense you can see in the top side; when you look at from the x y plane this is left wheel. 

So, I am taking that is 0.1 radian per second is the speed. So, this I call a left wheel angular 

velocity, ok.  

So, then I am taking 𝜔2. So, which is actually like, for simplicity I am taking both are 

equal. So, we will see how that will work. So, right wheel angular velocity; you see so far 

what we have taken, we have taken a small patch, in the sense you have actually like seen 

[
𝑢
𝑣
𝑟
] which is in the form of body fixed velocity that, directly you have given into �̇� 

equation, where there is no geometry involved, right.  

But now what happened? If you look at the equation what we have seen here; you can see 

that this is having a geometry, where a is coming into a picture and as well as d is coming 

into a picture, right. So, if you look at that, so then what you have to see; so you have to 

actually like use that. So, in the sense what I am trying to bring it. 



(Refer Slide Time: 08:38) 

 

So, I am bringing it that as, so vehicle parameter. So, although it is a mobile robot, it is a 

vehicle that is what we can write. Some people may offend, so I am just putting at that is 

a mobile robot parameters. So, this is actually like a physical. So, these are the physical 

parameter; here the one is a, which is nothing but the radius of the wheel.  

I assume that the diameter of the wheel is 10 centimeter; so the radius would be 0.05 meter, 

in the sense 5 centimeter. So, this is radius of the wheel, it is a fixed wheel, right. So, I am 

just giving a additional information here itself. So, then what you have, there is a l; not l 

here, because the length we are not using here and the you call W matrix, the d which is 

actually like distance between vehicle frame to the wheel.  

So, now, we have taken two wheels, both are actually like symmetrically arranged with 

respect to your B frame; in the sense 2 d we have taken as a distance between two wheels. 

So, d I am extracting from there. I assume that this is something like 20 centimeter as the 

with vehicle; so obviously in that sense it is actually like 10 centimeter, it is look like very 

small, right.  

So, still I will actually like use it; later on we will see how this will come. So, this is 

distance between you can say wheel frame to you can say vehicle frame, ok. So, that means 

actually like the distance between c to b and we are assuming that d1 and d2 are same; this 

is on the you can say y axis, I will just along y axis I will put it that is the right one, along 



y axis, right. So, now, what we have actually like seen; so we have seen that, a and d we 

have given. So, now, we will come back here. So, this is actually like depend on W. 
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So, I am writing that W matrix. So, which is I am writing as wheel configuration matrix. 

So, wheel configuration matrix which I am calling W and you know like what is W. So, if 

you do not know; you can actually like recall this equation what we extracted. So, now, I 

am actually like going back to that.  

So, now, you can see that this would be. So, a by 2 right comma a by 2 this is the first row; 

in the sense x axis velocity would be just mean of two angular velocity multiply with 

radius. Then what you have, actually like your y axis is 0 based on the fixed wheel 

configuration and then you have actually like minus or plus based on what way you are 

actually like taking it.  

So, if you look it at this particular case; so where you have actually like taken the left 

wheel is your wheel 1. So, in the sense the left wheel alone is having a, you can say angular 

velocity; you assume that the second wheel is not having anything. Then what one can 

actually like see it. So, this would actually try to rotate in a clockwise.  

So, in the sense what we have seen, the size actually like positive direction is counter 

clockwise; but this is rotating in the opposite side that is why you can see the r velocity 



component is coming as minus a by 2 d, ok. So, I just I am giving that you can say 

background. So, now, this is what you got it. So, now, you can see this is a by 2 d, right. 

(Refer Slide Time: 12:17) 

 

So, this is what your W matrix. So, right now we just incorporate what is W and 𝜔 and 

now we are trying to play this, ok. So, now, I will actually like take the same thing 

animation. So here, I have to change; because the width what I have taken is actually like 

0.2 and the length I am actually like assuming it is 0.4, it is just you can say twice of the 

width. So, now, what else you need; here actually like there is no desired. So, I will actually 

like remove it that desired thing, ok. 



(Refer Slide Time: 12:34) 
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So, now, if I run, this will give; you can see the x position, y position and angular value 

and then this animation code will actually like run it, right. 



(Refer Slide Time: 12:47) 

 

So, now this error will not be there. So, this is the previous code where you have taken a 

inverse differential kinematics; in the sense this particular stuff also I will remove it. 

(Refer Slide Time: 12:56) 

 

So, now, what we are trying to do? We are trying to give 𝜔 1 and 𝜔 2. 



(Refer Slide Time: 13:05) 

 

And we are trying to see how that would be incorporated as a ξ, which is W × 𝜔 and we 

are trying to run, ok. 
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So, we will see whether this is having error free. So, far it shows no error; so obviously it 

is running. So, we can see; yeah, it is having a error, because we did not what mention 

what is 𝜔, right. So, what is 𝜔? 𝜔 is actually like vector of 𝜔1 and 𝜔2. So, I will write it 

that. So, 𝜔 is actually like vector of 𝜔1 and 𝜔2, right. So, now, these two are actually like 



incorporated in the sense you can actually like cross check. Now, 𝜔 is given and W is 

given, and you are recalculating ξ. 

It is very very simple. So, you may feel it actually like it is just addition, but we will 

actually like try to do the inverse, then inverse kinematic simulation; then you will actually 

like see that, why this wheel configuration matrix is important, ok. So, right now we will 

actually like run it. So, I hope there is no error again; because we have taken the old code, 

right. So, that is why I was actually like bit of concern on the error side.  
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So, now, it actually like moved. So, now, what we have given; we have actually like given 

𝜔1 and 𝜔2 = 0.1 radian/second and it is actually like trying to, you can see it tries supposed 

to go in a forward direction. 



(Refer Slide Time: 14:32) 

 

Already the vehicle is actually like inclined in what you call 45°. So, it is actually like 

trying to move in a forward direction; you can see like the vehicle is actually like very 

slowly moving, because we have given one second as the delay, ok. So, now, I will actually 

like go back, ok. 
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So, I will go back and change that delay, so that I can actually like make it.  



(Refer Slide Time: 15:00) 
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So, I will try to see this is five step size. So, I am just increasing the speed, ok. So, now, I 

am just seeing that this is 0.1 and this is also 0.1; in the sense both tangential velocity are 

equal, in the sense the vehicle will go forward. 



(Refer Slide Time: 15:21) 

 

But if you look at the initial condition it is actually like /4; in the sense it is looking in a 

45 °line. So, it will move in a, you can say diagonal way. 

(Refer Slide Time: 15:31) 
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So, that is what you can actually like see it. So, now, so the vehicle is actually like; you 

can see this is the starting point, it is actually like moved diagonally, ok. So, now, you can 

actually like increase the what you call time. 
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And you can actually like even find that. So, the how that is actually like happening; 

because it moved very small distance, right. 



(Refer Slide Time: 15:50) 
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So, now, you can actually like see, you can wait; because my you can say screen resolution 

is actually like a very poor, it is showing although I make it a magnified this thing, it is 

showing as a small screen, ok. But you can see by even in the small screen, you can see 

that this green patch is actually like moving it. So, now, you can see it is a full size has 

come. So, it moved probably 0.5 to 0.52; now it is one by one, right. So, that is what it 

moved.  



(Refer Slide Time: 16:28) 

 

So, now, in order to get more you can say beneficial, so I will just increase this and I am 

actually like giving a difference; in the sense the left wheel is actually like having 0.5 

radian/second, whereas the right wheel is actually like giving 0. 
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So, now if you are actually like running what one can actually like see it; it would actually 

try to rotate, you can see, right. 
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So, it is actually try to rotate and as well as try to move forward; but it is actually like 

having one side, so it is actually trying to make a loop and loop. So, it will actually like go 

in this. So, now, this is one of the turning radius you can find for this particular given thing.  

So, now, you can actually like feel it why this is so small. So, now the play is coming. So, 

what that; I already told in the introduction class. So, what I said, how to select the wheel 

configuration, right. So, that we have known, but how to select the wheel size that is 

important, right.  

Now, what we have given is the radius of the wheel is very small and the width of the 

vehicle also like very small 10; 10 centimeter is actually like, it is actually like small right, 

it is something like a toy. But you see the wheel size, wheel size is actually like 5 

centimeter; in the sense you have a width, in the same size of the width you have your own 

wheel. 

So, it is actually like not properly you can say configured, right. So, that is why this 

particular course is required. Now, you can see that, if you increase this you can say width 

as per the your proposition to the you call wheel size; then you will actually like feel it 

different. 
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Similarly, when you want faster speed in the sense go faster; so definitely you know like 

the a is the playing role, because the 𝜔 is actually like you would be giving 1 radian or 2 

radian based on the motor. But what actually like go in to generate the traction or you call 

tangential velocity; that would be coming based on what you call a dependent. 

 (Refer Slide Time: 18:23) 

 

So, now if I actually like increase this a just for understanding, you see it is actually like 

20 centimeter and I am assuming that the depth is probably you can say 1 meter size, where 

actually like 20 like 40 centimeter as a dia wheel, which is very close to your trolley, ok. 



So, now, I am actually like putting it. So, this as you can say 2d, so that I no need to change 

every time. So, now what you will actually like see, it is actually like going little faster 

right and as well as you can see that visibility. 
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Because earlier what you have seen, the diameter of the wheel is actually like you can say 

10 centimeter and your width of the vehicle also like you can say approximately 20 

centimeter, which is actually like non comparable one. So, now, you can see like this is 

one side angular velocity only given; in the sense only one wheel is actually like rotating, 

the other wheel is actually like giving a resistant. 

So, this is what the phenomena of fixed wheel; this is you can actually like feel it when 

you are dragging probably trolley suitcase, where one wheel gets stuck, in the sense it is 

actually like jammed and you are driving or you can say you are dragging. So, the other 

wheel start rotating; then you can see that the suitcase is start rotating right, the same 

scenario you can feel it. 
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So, now I am actually like giving a slightly a less comparison. So, now, what happened? 

There would be a resultant velocity; but still you can see that the left side wheel is 

dominating. 
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You can see earlier it was simply one small circle it make; but now it will try to make a 

spiral, ok. So, now, this is what the, what you call idea behind the differential wheel model. 

So, now, you got it little more clarity. So, now, we will actually like move it  

(Refer Slide Time: 20:06) 

 

So, just I am giving equal and opposite angular velocity; in the sense I connect both the 

motor and I gave actually like same angular speed, but unknowingly actually like I put a 

polarity change, just imagine. So, then what one can expect? The vehicle will rotate its 

own point right; you can see that it is happening or not, right. 
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It is actually like rotating about its own axis; why? Because both are actually like rotating, 

it is trying to make a couple that is what you can actually like feel it. 
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So, now what one can actually like see; this all the aspect of differential wheel you have 

seen, anyhow now you know how to write a code. So, now, you can actually like play 

further by changing 𝜔 change; like changing 𝜔1, 𝜔2 and you change a and d and even 

actually like you can try to change your initial condition and see how it is happening, so 



that you will get something like close to the original intention of this particular course will 

get it. 

So, by doing this, keep on doing this what one can actually like get? So, we will get much 

more exposure. So, that is what supposed to be required. So, now, we have seen the, you 

can say differential wheel drive kinematic simulation by varying 𝜔1 and 𝜔2; that too like 

we have seen like if you take 𝜔1 and 𝜔2 opposite direction, you have seen that it is rotating 

about its point.  

And if 𝜔1 is dominate, then that would take a left hand, in the sense it will rotate in a 

clockwise; where the 𝜔2 is dominant, then it would actually like rotate in the 

counterclockwise direction. If both are actually like equal, then the vehicle move in the 

forward. At any case the vehicle will not move in the lateral direction, until you take 90° 

turn and then move it.  

So, in that sense what one can see, like this differential wheel drive kinematics simulation 

you have we have seen. So, the next part what we will come back. So, we will take two 

other example which we have we were actually like discuss in the beginning. So, the Omni 

wheel, you can say Omni directional wheel drive and as well as Mecanum wheel drive, we 

will see as a part 2 and part 3. 

So, in that sense, so the next lecture what you can expect; something like more spice, 

because it is having actually like square matrix or the rectangular matrix with actually like 

more number of you can say columns. So, then you can actually like say that, lateral 

direction also possible; how that is happening that we will see in the part 2 and 3, ok. With 

that we will see, till then bye. 


