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Wheeled Robots and Differential Drive Steering Basic Kinematics and Math Basic

Turtlebot and Gazebo

Python program – Move Turtlebot.

Physics of Wheeled Robots

SENSORS Classes of Sensors Characterization of Sensors Types of Errors – Statistical and

Random

Specific Sensors Position- Absolute and Relative Range

Connect Sensors to the Computer – A2D converters, etc.
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CONTROL –
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ROTATION

https://www.youtube.com/watch?app=desktop&v=aE7RQNhwnPQ&sns=em
MAGNUS

https://www.youtube.com/watch?app=desktop&v=aE7RQNhwnPQ&sns=em




1980-82 – ROBART-I Sentry Robot – H. R. Everett



Example: systematic and 
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Accuracy and errors
■ Systematic errors

• Result from a variety of factors

■ Interfering or modifying variables (i.e., temperature)

■ Drift (i.e., changes in chemical structure or mechanical stresses)

■ The measurement process changes the measurand (i.e., loading errors)

■ The transmission process changes the signal (i.e., attenuation)

■ Human observers (i.e., parallax errors)

• Systematic errors can be corrected with COMPENSATION methods (i.e., feedback, filtering)

■ Random errors

• Also called NOISE: a signal that carries no information

• True random errors (white noise) follow a Gaussian distribution

• Sources of randomness:

■ Repeatability of the measurand itself (i.e., height of a rough surface)

■ Environmental noise (i.e., background noise picked by a microphone)

■ Transmission noise (i.e., 60Hz hum)

• Signal to noise ratio (SNR) should be >>1

■ With knowledge of the signal characteristics it may be possible to interpret a signal with

a low SNR (i.e., understanding speech in a loud environment)



1. Measurement and Correction of Systematic 

Odometry Errors in Mobile Robots

By Johann Borenstein and Liqiang Feng

(It would be difficult to get more information on Odometry)

http://www-personal.umich.edu/~johannb/Papers/paper58.pdf

THERE IS HOPE TO ELIMINATE (REDUCE) THE SYSTEMATIC ERRORS BY CALIBRATION!

REDUCING RANDOM ERRORS FROM THE SENSORS IS ANOTHER STORY!
(TO BE TOLD LATER IN COURSE)

http://www-personal.umich.edu/%7Ejohannb/Papers/paper58.pdf


ACTUAL PATH ?

CAN WE IMPROVE IT??



Robot Odometry Calibration
9,586 views Jun 2, 2013 6:57

https://www.youtube.com/watch?v=qsdiIZncgqo

https://www.youtube.com/watch?v=qsdiIZncgqo






https://electronics.stackexchange.com/questions/98357/is-the-error-in-a-5-resistor-
consistent-across-measurements

What I'm really saying is that if a given resistor is "off" by 3.5% I 

don't really care... as long as it's always off by the same 3.5%. 

But if from one measurement (voltage? current?) to another it 

might be +2% one time and -3% another time, then I need to 

get higher quality components ?

The answer to your questions is mostly covered in the data sheets. A 5% 

tolerance resistor will also have a specification for temperature drift, "load 

life" (drift with time under certain environmental conditions) and so on. It's 

possible to make a 1% resistor that is just as crappy as a 5% resistor in 

stability, it's just trimmed closer to begin with (and at a certain temperature). 

Calibration can reduce the initial inaccuracy, but it won't reduce the other 

kinds of drift. The drift will determine whether you can make a 0.1% circuit 

with 1% resistors or a 0.5% circuit with 5% resistors.

https://electronics.stackexchange.com/questions/98357/is-the-error-in-a-5-resistor-consistent-across-measurements
https://electronics.stackexchange.com/questions/98357/is-the-error-in-a-5-resistor-consistent-across-measurements


Why Punching a Robot Is a Bad Idea 
(Go for the Sensors Instead) !

https://www.theatlantic.com/video/index/257060/why-punching-a-robot-is-a-
bad-idea-go-for-the-sensors-instead/

https://www.theatlantic.com/video/index/257060/why-punching-a-robot-is-a-bad-idea-go-for-the-sensors-instead/






Basic Sampling at 2x Highest Frequency in Band (B)



https://www.edmundoptics.com/knowledge-center/application-notes/imaging/camera-resolution-for-improved-imaging-
system-performance/

Nyquist Limit
The absolute limiting resolution of a sensor is determined by its Nyquist limit. This is defined as being one half of the 
sampling frequency, a.k.a the number of pixels/mm (Equation 3). For example, the Sony ICX285 is a monochrome CCD 
sensor with a horizontal active area of 9mm containing 1392 horizontal pixels each 6.45μm in size. This represents a 
horizontal sampling frequency of 155 pixels/mm (1392 pixels / 9mm = 1mm / 0.00645 mm/pixel = 155).

Lp = LinePairs

SPATIAL SAMPLING

http://www.edmundoptics.com/knowledge-center/application-notes/imaging/camera-resolution-for-improved-imaging-
http://www.edmundoptics.com/knowledge-center/application-notes/imaging/camera-resolution-for-improved-imaging-


Video Aliasing

Why car wheels rotate backwards in movies 4:25

https://www.youtube.com/watch?v=SFbINinFsxk&feature=youtu.be
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INCORRECT SAMPLING LEADS TO “FUNNY THINGS” IN VIDEOS ALSO.

https://www.youtube.com/watch?v=SFbINinFsxk&feature=youtu.be


Navigation Errors



IF YOU DO NOT CALIBRATE
CAREFULLY!

IF YOU DO NOT UNDERSTAND 
RANDOM ERRORS IN ROBOT 
NAVIGATION



That’s All Folks




