
Mobile Robots Odometry and Errors.



CONTROL –
WHEEL VELOCITY, 
ROTATION

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

WE DO NOT KNOW 
DISTANCE. THAT IS 
INTEGRAL OF 
VELOCITY

Assuming ω= 0 and v is constant
along line at angle Ф,
we have

x = v cos(Ф) ∙ t  meters
y = v sin(Ф) ∙ t meters

NO ERRORS 
ANYWHERE yet!

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


https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5#Sec8

We have already noted that odometry is not accurate because inconsistent measurements and 
irregularities in the surface can cause errors. In this section we show that even small changes
in the direction of the robot’s movement can cause errors that are much larger than those
caused by changes in its linear motion.

To simplify the presentation, let us assume that a robot is to move 10 m from the origin of a coordinate system 

along the x-axis and then check its surroundings for a specific object.

What is the effect of an error of up to p%? If the error is in the measurement of x, the distance moved, then Δx,

the error in x is:

Δx ≤ ±10 m ⋅p/100 = ±p/10 meters,

where the value is negative or positive because the robot could move up to p% before or after the intended distance. 

Check: In 10 m, p=10% is +- 1 m in error. This checks.

https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5

https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5#Sec8
https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5#Sec8
https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5




https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5

https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5


https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5

So constant error in acceleration 
is increasing as t^2

https://link.springer.com/chapter/10.1007/978-3-319-62533-1_5


http://mathcentral.uregina.ca/qq/database/qq.09.09/h/wayne1.html

If t is a small angle < 6 deg 
(0.1 radian),
Error in course is
C/2 = r * t/2, t in radians

For 1 degree off straight (0.0174 r),
Error in km is 8.7 meters. 

http://mathcentral.uregina.ca/qq/database/qq.09.09/h/wayne1.html


Don’t forget stopping:
100 km/hr = 60 mph
D = 88ft/sec or about 30 meters/second

REACTION TIME HUMAN - ½ to ¾ second
Full braking in ideal conditions – about 125 ft or 40 meters

TOTAL =  20 METERS + 40 METERS  OR 200 FEET.



https://upcommons.upc.edu/bitstream/handle/2099.1/20236/Adaptive%20motion%20p
lanning%20for%20a%20mobile%20robot.pdf?sequence=1&isAllowed=y

https://upcommons.upc.edu/bitstream/handle/2099.1/20236/Adaptive%20motion%20planning%20for%20a%20mobile%20robot.pdf?sequence=1&isAllowed=y


Odometry Errors & Variance & Covariance





SUPPOSE THERE ARE RANDOM ERRORS IN SEVERAL VARIABLES OF INTEREST i.e. x,y, Ф

https://www.youtube.com/watch?v=eho8xH3E6mEMultivariate Gaussian distributions 

173,941 views •Nov 19, 2012 14:48

https://www.mathworks.com/help/stats/multivariate-normal-distribution.html

Examples

Bivariate Normal Distributionpdf
View MATLABCommand

Compute and plot the pdf of a bivariate normal distribution with

parameters mu = [0 0] and Sigma = [0.25 0.3; 0.3 1].

NOTE: variables x1 and y1 are not independent since
Covariance matrix Sigma is not diagonal.

https://www.youtube.com/watch?v=eho8xH3E6mE
https://www.mathworks.com/help/stats/multivariate-normal-distribution.html
https://www.mathworks.com/help/stats/stats/ComputeTheMultivariateNormalPdfExample






https://www.youtube.com/watch?v=D8p0KRdjmdU Covariance & Covariance Matrix Building Intuition

Xand Y
Independent
-Diagonal Cov

Matrix

https://www.youtube.com/watch?v=D8p0KRdjmdU


ERROR DEPENDS ON DISTANCE TRAVELED AND INITIAL HEADING ERROR.
ASSUME THE ERROR IS RANDOM AND CANNOT BE FIXED BY CALIBRATION.

Robot is somewhere in
This region





SOLUTION FOR MORE ACCURACY;

1. BUY SUPER ACCURATE WHEEL ENCODERS* and TACHOMETER
2. IMPROVE ACCURACY BY COMBINING RESULTS WITH ANOTHER

SENSOR MEASUREMENT
3. BE REALLY CAREFUL IN MAKING ROBOT MEASUREMENTS
4. BE PRECISE ABOUT INITIAL ORIENTATION

* ACCURACY STILL SUFFERS FROM WHEEL SLIPPAGE AND OTHER RANDOM ERRORS.

SADLY, THE ERROR CAN NEVER BE REDUCED TO ZERO!





DO YOU REALLY WANT TO KNOW ABOUT ODOMETRY ERROR AND PROPAGATION?

Nikolaus Correll 673 subscribers

The error propagation law explained in one and multiple dimensions using odometry

as the running example. Matlab code is available on github.

https://github.com/correll/Introducti...

https://www.youtube.com/watch?v=ubg_AAM7Zd8 29:20

https://github.com/Introduction-to-Autonomous-Robots/Introduction-to-Autonomous-Robots/tree/master/matlab

At 23:11 Correll presents the MATLAB code.

https://www.youtube.com/channel/UCPp5EId3o-g9dreG73-94MQ
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqa1ZzRk8wTU9vMnNfWHZDbm5SVWdTX2R6UVRMd3xBQ3Jtc0trQ3FzbHZ5MmFLX2lwQXpkdHBuVWppUnpZTFZUTTFyRHEyOVFJMlpzeFJ0bFlRXzZIZFlUdzFPQkFCWVFUWVZPQ05lZkQ5ZDZKR0xVMnB0V2JVNTNVQjZZOWJadEFTaDY2Rm5TeHBHemlDa0ViLXhmZw&q=https%3A%2F%2Fgithub.com%2Fcorrell%2FIntroduction-to-Autonomous-Robots
https://www.youtube.com/watch?v=ubg_AAM7Zd8
https://github.com/Introduction-to-Autonomous-Robots/Introduction-to-Autonomous-Robots/tree/master/matlab


Nikolaus Correll

σ increasing in x, and y.

https://www.youtube.com/channel/UCPp5EId3o-g9dreG73-94MQ


KNOWN INITIAL POSITION

TEST TO FIND THE k’S

Nikolaus Correll

https://www.youtube.com/channel/UCPp5EId3o-g9dreG73-94MQ


Nikolaus Correll

https://www.youtube.com/channel/UCPp5EId3o-g9dreG73-94MQ


Prelude to Kalman Filter: Combining Uncertain Measurements

444 views •Premiered Dec 24, 2019 4:45

https://www.youtube.com/watch?v=-zOmHUENLJE

Aaron Becker UH Robotics

https://www.youtube.com/watch?v=-zOmHUENLJE


Leonardo da Vinci often made maps, both for military 

purposes and for canal construction. He therefore designed 

several distance-recording devices, including an odometer. 

This is one of several variations on an instrument described by 

the Roman architect and engineer, Vitruvius, whose works 

were rediscovered early in the Renaissance. It was geared to 

drop a pellet into a box for a given number of revolutions of a 

wheel, thus computing the distance traveled.




