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Ground-Truth vs Encoder 

 Blue line is Encoder 

 Green line is ground-

truth 

 Huge difference due to 

huge model errors 
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Systematic Errors 

Systematic errors are caused by: 

 
 Unequal wheel diameters 

 Average of both wheel diameters differs from nominal diameter 

 Misalignment of wheels 

 Uncertainty about the effective wheelbase (due to non-point 

wheel contact with the floor) 

 Limited encoder resolution 

 Limited encoder sampling rate 
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Systematic Error Correction 

Scaling Error: 

Simple 

Easily compensated for 

Measuring tape is the only requirement 

Effective Wheel-base error 

Unequal Wheel-Diameter error 
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Uni-directional Square Benchmark 

 Program vehicle to follow 

a square path 

 Use a reference wall to 

calculate absolute 

position 

 Begin by calculating start 

point co-ordinates 

 Let the vehicle follow the 

path clock-wise 

 When it finishes, 

calculate absolute 

position and orientation 

of end point 



MUSES_SECRET: ORF-RE Project   -   © PAMI Research Group – University of Waterloo 6/22 6 SPC418: Autonomous Vehicles Design and Control- Zewail City of Science and Technology - Fall 2016 

Uni-directional Square Benchmark 
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Uni-directional Square Benchmark 

However, this benchmark 

is susceptible. 

Consider the case shown 

on the right: 

 
In the clockwise 

direction, the unequal-

wheel-diameter might the 

oppose the uncertainty in 

the wheel-separation, 

thus leading to a false 

conclusion regarding 

odometry error. 
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Bi-directional Square Benchmark (UMBmark) 
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Bi-directional Square Benchmark (UMBmark) 

 At the beginning of the run, measure the absolute position (and, 

optionally,orientation) of the vehicle and initialize to that position the starting 

point of the vehicle's odometry program.  

 Run the vehicle through a 4×4 m square path in cw direction, making sure to 

stop after each 4 m straight leg; make a total of four 90 -turns on the spot; run 

the vehicle slowly to avoid slippage.  

 Upon return to the starting area, measure the absolute position (and, 

optionally, orientation) of the vehicle. 

 Compare the absolute position to the robot's calculated position, based on 

odometry 

 Repeat steps 1-4 for four more times (i.e., a total of five runs). 

 Repeat steps 1-5 in ccw direction. 

 Use Eqs. (2) and (3) to express the experimental results quantitatively as the 

measure of odometric accuracy for systematic errors 
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Bi-directional Square Benchmark (UMBmark) 
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