
ROBOT LOCOMOTION PRINCIPLES 
 

 

 

Locomotion System 
We all know the relation between power, torque and angular velocity (shown below). Since torque (tau) is inversely 

proportional to angular velocity (omega), lower angular velocity will result in higher torque. Hence, Lower speed –

> Greater torque 

 

All that matters is the torque. Greater the torque, greater the pulling capacity and durability. 

Traditional motors available in the market have very high angular velocity, undesirable for robotic usage (since 

torque is very low). Hence, we need to reduce the speed in order to increase its pulling capacity, and that’s why we 

use gear systems. Gear systems reduce the effective angular velocity of the motor, thus increasing its torque and 

pulling capacity. Hence, Reduce Speed –> Increase pulling capacity –> Use Gears 

 

 
 

Wheeled Locomotion Principles 
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There are different types of wheeled locomotion systems. They are listed below. Each locomotion system is unique, 

has some advantages and disadvantages. We will discuss them one by one. 

o Differential Drive 

o Car Type Drive 

o Skid Steer Drive 

o Articulated Drive 

o Synchronous Drive 

o Pivot Drive 

o Dual Differential Drive 

 

Differential Drive 

This is the most popular and widely used type of drive for wheeled robots, because it is the simplest and easiest to 

implement. There are two motors, each having an independent motion. In the first two diagrams shown above, both 

the motors are rotated in same direction of motion and thus the robot moves either forward or backward. In the last 

two diagrams, the two motors rotate such that they oppose each other’s motion, thus generating a couple and 

creating a turning effect. 

 

Differential Drive 

Advantages 

o Simple and easy to implement 

http://maxembedded.files.wordpress.com/2012/06/differential-drive.png


o Arbitrary motion can be achieved 

o In-place rotation (zero radius) can be done 

Disadvantages 

o Difficult to maintain straight line due to independent motors 

Car Type Drive 

This is the type of drive most common in real world but not in the robotic world. Here, we have a pair of wheels 

which direct where the robot should move, whereas movement is brought about by a different set of wheels. 

Translatory motion is provided by the rear wheels whereas rotational motion is provided by the front wheels. 

Though both motions are independent, but their interlinking results in greater accuracy. 

  

Car Type Drive 

Advantages 

o Replicates the real world 

Disadvantages 

o Difficult path planning 

o Inaccurate movement 

o Slight inaccuracy results in huge errors 

o No direct directional actuators available 

Skid Steer Drive 
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It is a close relative of the differential drive system. Here, all the motors of one side are tied together as one to 

increase traction (e.g. tanks). Only the center motors are connected. The remaining motors move due to the force 

of the central motors. During turning, the wheels skid/slip over the surface. Turning can occur due to difference 

in the motion of the two motors. 

 

Skid Steer Drive 

Its properties are similar to the differential drive system, except that it provides greater traction and has quite 

inaccurate position tracking. 

 

 

Articulated Drive 

Here, the body/chassis of the robot is deformed to produce rotatory motion, whereas the translatory motion is 

provided by the wheels. Two motors are required, one for translatory motion (wheels) and another to change 

pivot angle (for the linear actuator). 
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Articulated Drive 

Rest other features are similar to the car type drive. 

Synchronous Drive 

Here, the robot can move in any direction without changing its alignment. Two sets of motors are required, one 

to drive the wheels, other to change their direction. This is clearly shown in the diagram above. 

 

Synchronous Drive 

It has synchronous operation and greater accuracy. It is a bit complex to build, but simpler to use! 

Pivot Drive 

This is a unique type of drive system. There is a four wheeled chassis which gives translatory motion and a 

rotating platform which gives rotational motion. Thus, it achieves accurate straight line motion. While turning, 

the raised platform is lowered such that it lifts the chassis, rotates by desired angle, and then is raised again to 

keep the chassis back on the ground. This can be achieved using one/two motors, depending upon the 

complexity and requirement. 
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Pivot Drive 

Dual Differential Drive 

This is similar to differential drive, but uses special gear assemblies, which increase the accuracy of straight line 

motion and on-spot turning. 

 

Dual Differential Drive 

So this was all about the different types of wheeled locomotion systems. In the next post, we will discuss about 

different types of actuators in brief. Please comment below if you would like to share some of your thoughts! 
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