
1D motion estimation via sensors 
SOLUTION (car on a straight road) 

Se
ns

or
 o

rie
nt

at
io

n

J.
 S

ka
lo

ud
, E

SO
  

11

e) TRUE: Gain matrix in EKF is calculated using the same equation as in standard Kalman filter. 
However, note that the H matrix used in calculation of gain matrix may not be a constant 
matrix anymore (it comes from linearization of observation equation and should be re-
evaluated at each step). 

 

Motion estimation via sensors 
 

CASE 1: A car is moving along a straight road. Assuming a constant acceleration motion model, derive 
the process model and specify the dynamic matrix “F”. Also, assume that you have a position sensor 
(like a GPS receiver), as well as a wheel encoder sensor that gives you the angular velocity of one of 
the wheels, radius of which is known as “r”. Derive the measurement model and specify the 
measurement design matrix “H”. 

 

ANSWER: 

 

 

CASE 2: consider that the car is driven on a large roundabout, where its motion can be approximated 
by a uniform circular motion in 2D (as simulated in Lab 5 and Lab 6). Adapt the process and both 
observation models for this situation.   

 

ANSWER:  

Process model: the solution correspond to that in the lecture slides “L10_EKF-handlout.pdf”, p. 36 

Observation models:  solution for GPS sensor is on p.43 or p.44 of the same lecture, and the angular 
velocity sensor has one-to-one correspondence with the 3rd element of the state vector.   

 

CASE 3 - OPEN:  After swapping the winter tires for the summer tires, the previously calibrated radius 
of the wheel “r” is no longer known sufficiently accurately. Does this affect some situation? Justify 
your answer and in case of a positive, provide a recommendation on its adaptation.  
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