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Moderador
Notas de la presentación
Hi, my name is 
I work at the  Mechanical Engineering Department of the University of Málaga. 

I am going to talk about  hybrid locomotion module for mobile robots in which we have been working recently



DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

Script 

I. Introduction 

 

2 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 
 



DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

Script 

I. Introduction 

II. Mechanical Design 

 

3 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 
 



DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

Script 

I. Introduction 

II. Mechanical Design 

III. Electronics and Sensing 

 

4 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 
 



DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

Script 

I. Introduction 

II. Mechanical Design 

III. Electronics and Sensing 

IV. Module Modeling 

 

5 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 
 



DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

Script 

I. Introduction 

II. Mechanical Design 

III. Electronics and Sensing 

IV. Module Modeling 

V. Experimental Results 

 

6 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 
 



DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

Script 

I. Introduction 

II. Mechanical Design 

III. Electronics and Sensing 

IV. Module Modeling 

V. Experimental Results 

VI. Conclusions 

 
7 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 

 



DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

Introduction 

8 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 
 

Moderador
Notas de la presentación
Well, this is a short review of some locomotion system used in mobile robotics
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Moderador
Notas de la presentación
First of all, I would like to highlight some of, what we consider, are the main challenges of robotics  for the present and future.

The first one is to increase enegy autonomy, may be being more efficient and using better batteries

It is also important to increase computational capabilities and make use of Artifitial intelligence, improbe sensors, just  to increase robot autonomy.

Finallly, we think it is very interesting to investigate in new locomotions systems for mobile robotics to  improve ther mobility in different environments
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Moderador
Notas de la presentación
Now, I am going to focus on our proposal.

We inspired in the idea that showed George et al in 2008. 

 It was an spherical robot with sliding legs.  

May be it is possible to build this robot but surely it would be very difficult.

 so,  We changed from a spherical shape to a cilindrical one. 

 Now we have cilindrical module with sliding legs that can be used in mobile robots
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Moderador
Notas de la presentación
Now, I am going to focus the design of the module module
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Moderador
Notas de la presentación
The first thing we had to decide was the number of feet.  

Four feet is not possible because the robot can not rotate. Keep in mind that we do not have a motor that rotates the robot body

8 Feet is possible but the design would be more complex  so we decided to use a 6 feet configuration
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Moderador
Notas de la presentación
The first thing we had to decide was the number of feet.  

Four feet is not possible because the robot can not rotate.

8 Feet is possible but the design would be more complex  so we decided to use a 6 feet configuration
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Moderador
Notas de la presentación
So, just to have an idea of the final appearance of the module, you can see this two pictures.  

The first one is 3-D model in Solid Edge.  

The second one is the  module that we built.

Now we can go into more detail about the mechanical design.
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Servomotors 

Mass – 60 grams 
Maximum Torque – 16 kg cm 
Maximum speed – 333º/ s 

Mechanical Transmission 

• Rotation 180º 

• Sliding distance > 12.8 cm 

• Maximum force = 30 N 

• Low inertia 
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Moderador
Notas de la presentación
To move the leg, we used low weight, high torque servomotor. 

 Motion is transmited to the leg with gears.  

The last gea is connected with the leg with a rack engraved on it

 the maximum displacement is 12.8 cm and the maximum predicted force was 30 N.
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Moderador
Notas de la presentación
So The central part of the module is composed of two aluminum plates 

The Motors and all the mechanical transmission elements are placed in the space between these both plates. 




DESIGN OF A DRIVING MODULE FOR A HYBRID LOCOMOTION ROBOT 
EUCOMES 2014 - MINHO 

18 DEPARTMENT OF MECHANICAL. ENGINEERING  UNIVERSITY OF MÁLAGA 
 

Moderador
Notas de la presentación
Some Parts have been designed to allow the movement, sliding  of the legs inside the module body . 

They are composed of 3 bearings and a gear to transmit the movement to the rack and therefore to the leg
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Moderador
Notas de la presentación
One of the plates incorporates a shaft to join the module with the robot body.

 This shaft do nor interferes with the relative rotation of the module  and it does not transmits motion from the module to the robot. 

It includes a sensor to measure the angular rotation of the module 

and sliding rings  that allows the transmission of power from the stationary shaft to the rotating structure. 
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Moderador
Notas de la presentación
In this section, the electronic components and sensors installed on the module are described
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Moderador
Notas de la presentación

An angular sensor is used to measure the angle between the main body of the robot and the module

There are six contact sensors (one sensor at each extreme of the legs) to detect if that feet is contacting the ground or an obstacle or not
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Moderador
Notas de la presentación
The robot has three servomotors which positions are regulated using PWM signals. 

The control of the robot is carried out using an Arduino Uno Board. 

The Arduino Uno Board is also used to acquire the data from the sensors installed on the module

The  control  was programmed using C++

we have created a program in LabVIEW™ that communicates with the Arduino and that also serves as an interface with the user
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Moderador
Notas de la presentación
Now I will describe the module modeling.  

This section includes the equations which model the module behavior, together with some 2-D simulations
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Moderador
Notas de la presentación
The model was made with SimMechanics™, which is a toolbox by Matlab®/Simulink® that provides a multibody simulation environment for 3D mechanical systems

Three elements are essential when modeling the behavior of the  module: the module body, which is composed of different solids, the servo-motors, the legs movement and the contact with the surface
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Moderador
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Moderador
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Moderador
Notas de la presentación
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𝐹𝐹 𝑒𝑒,𝑣𝑣 =  

𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚

𝑒𝑒𝑐𝑐
 𝑒𝑒 −  

𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚

𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚
 𝑣𝑣                       𝑒𝑒 <  𝑒𝑒𝑐𝑐

 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒 𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚 −
𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚

𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚
 𝑣𝑣            𝑒𝑒  ≥ 𝑒𝑒𝑐𝑐
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Motors modeling 

𝑒𝑒𝑐𝑐 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑒𝑒 = � 
𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚

𝑒𝑒𝑐𝑐
 𝑒𝑒           𝑠𝑠𝑠𝑠 𝑒𝑒 <  𝑒𝑒𝑐𝑐

 𝑈𝑈𝑚𝑚𝑚𝑚𝑚𝑚               𝑠𝑠𝑠𝑠 𝑒𝑒 ≥ 𝑒𝑒𝑐𝑐
 

Moderador
Notas de la presentación
Thus, the power supplied is linear with the position error of the leg until the error reaches its critical value.
Beyond this point the power applied its maximum.

Finally, The force applied  by the servomotors on the leg has been modeled as a function of the maximum force of the motors, the speed and the position error of the foot
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Feet movement control. Low level control.  

Moderador
Notas de la presentación
The position of the ends of the legs is defined by the angular reference of the module (tita)  and the desired height, (Href), during operation

When one foot is in the contact phase, i.e., when its angular position is between ‘α’ and ‘β’, the radial position of the leg is given by equation 1

The movement of the leg when its ends are not in contact with the ground is, in principle, free of any restrictions. 

A possible solution is to impose a smooth transition between the end of the contact of one leg and the beginning of the contact of the opposite one, which is guaranteed by the following expression
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𝑟𝑟𝑖𝑖
𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 sin −𝜃𝜃𝑖𝑖

𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟
sin(−𝜃𝜃𝑖𝑖)

−  
𝑙𝑙
2  
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Feet movement control. Low level control.  
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Moderador
Notas de la presentación
The position of the ends of the legs is defined by the angular reference of the module (tita)  and the desired height, (Href), during operation

When one foot is in the contact phase, i.e., when its angular position is between ‘α’ and ‘β’, the radial position of the leg is given by equation 1

The movement of the leg when its ends are not in contact with the ground is, in principle, free of any restrictions. 

A possible solution is to impose a smooth transition between the end of the contact of one leg and the beginning of the contact of the opposite one, which is guaranteed by the following expression
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Feet movement control. Low level control.  
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Notas de la presentación
The position of the ends of the legs is defined by the angular reference of the module (tita)  and the desired height, (Href), during operation

When one foot is in the contact phase, i.e., when its angular position is between ‘α’ and ‘β’, the radial position of the leg is given by equation 1

The movement of the leg when its ends are not in contact with the ground is, in principle, free of any restrictions. 

A possible solution is to impose a smooth transition between the end of the contact of one leg and the beginning of the contact of the opposite one, which is guaranteed by the following expression
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𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡 =  
  0                               𝑠𝑠𝑠𝑠 𝑝𝑝 > 0  𝑜𝑜  −𝑘𝑘𝑒𝑒 𝑝𝑝 −  𝑘𝑘𝑑𝑑

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

< 0

−𝑘𝑘𝑒𝑒 𝑝𝑝 −  𝑘𝑘𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

       𝑠𝑠𝑠𝑠 𝑝𝑝 ≤ 0 𝑦𝑦 −𝑘𝑘𝑒𝑒 𝑝𝑝 −  𝑘𝑘𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

≥ 0
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Ground contact model 

Moderador
Notas de la presentación
Ground contact is modeled considering friction and ground deformation. 

An elastic constant is  used to reproduce surface elasticity, 

and a dissipation constant, which multiplies the ‘penetration’ rate of the leg on the ground in the vertical direction to take into account the energy loss due ground deformation.
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Moderador
Notas de la presentación
A simple control has been programmed.  

The input is the desired rotational speed.  

This input is transformed into a angular reference which corresponds with a determined position of the legs.  

Then, a PWM signal is generated to  control each motors position.
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Moderador
Notas de la presentación
Tests start with the module in stationary position and with one of its legs in a horizontal position. 

Then the module is accelerated to reach the desired rotational speed

In the tests the height of the robot is quite close to the reference height. 
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Notas de la presentación
It can be seen that, in general, the module follows the reference although there are peaks in the speed just when one foot passes the vertical position
. 
This phase of the movement is the most  critical one because is when triple contact occurs, this is, the transition between 2 to 3 contac points and again to 2 contact points, making it difficult to move the three feet homogeneously. 

In spite of that, the module always follows the angular reference and the movement is smooth.
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Notas de la presentación
Following, some experimental results obtained with the real module are included
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Notas de la presentación
Tests with  reference speeds that we used in simulations are included.

We can see that the module faithfully follows the reference. 

The maximum angle errors are smaller than 9 and 20 degrees respectively. 

It can be observed that errors increase when moving faster since the movement of the module becomes sharper and less smooth. 

Anyway, we want to remark that the experimental results are very similar to those obtained in simulations, which makes us think that the model, despite its simplifications, accurately reproduces the 2D dynamics of the driving module.
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Conclusions 
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Notas de la presentación
To finish this exposition, we summarize the conclusion of our work
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• A new concept of  locomotion system for mobile robots has been 
proposed, designed and built.  
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Notas de la presentación
We have designed and build a new locomotion module for mobile robots
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• A new concept of  locomotion system for mobile robots has been proposed, 
designed and built.  

• A model of  the module in SimMechanics™  has been programmed . 

• Simulations show that the model accurately reproduces the movement of  the 
module. 

• The model is a very useful tool to test different control algorithms that could 
be implemented on the real robot.  

• A control algorithm has been programmed and tested with the model.  

• Experimental tests demonstrate the correct operation of  the module 
when moving on a flat and smooth surface and without obstacles. 
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Notas de la presentación
Finally, this is a new design that combines our proposal and the advantages of the wheel.  

This robot can moves similarly to the previous one but can also use its legs as wheels with the advantages associated with them
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Notas de la presentación
Thank you for your attention. We are open to any questions you would like to ask. 
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