
Formulas used: 

Relative coordinates 𝑥𝑥𝑟𝑟𝑟𝑟𝑟𝑟, 𝑦𝑦𝑟𝑟𝑟𝑟𝑟𝑟 and 𝑧𝑧𝑟𝑟𝑟𝑟𝑟𝑟: 

𝑥𝑥𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) = 𝑥𝑥(𝑡𝑡) − 𝑥𝑥(𝑟𝑟𝑟𝑟𝑟𝑟) 

𝑦𝑦𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) = 𝑦𝑦(𝑡𝑡) − 𝑦𝑦(𝑟𝑟𝑟𝑟𝑟𝑟) 

𝑧𝑧𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) = 𝑧𝑧(𝑡𝑡) − 𝑧𝑧(𝑟𝑟𝑟𝑟𝑟𝑟) 

𝑥𝑥(𝑡𝑡), 𝑦𝑦(𝑡𝑡) and 𝑧𝑧(𝑡𝑡), are the bead’s coordinates at frame interval t, 𝑥𝑥(𝑟𝑟𝑟𝑟𝑟𝑟), 𝑦𝑦(𝑟𝑟𝑟𝑟𝑟𝑟) and 𝑧𝑧(𝑟𝑟𝑟𝑟𝑟𝑟) 
is the bead position at the reference frame (currently the first frame t=0). 

 

Normalized coordinates 𝑥𝑥𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛, 𝑦𝑦𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 and 𝑧𝑧𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛: 

𝑥𝑥𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡) = 𝑥𝑥𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡)−𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥
𝜎𝜎𝑥𝑥

 with 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥   and  𝜎𝜎𝑥𝑥 being the mean and standard deviation of the x 

relative coordinates across the timelapse. 

𝑦𝑦𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡) = 𝑦𝑦𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡)−𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑦𝑦
𝜎𝜎𝑦𝑦

 with 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑦𝑦   and  𝜎𝜎𝑦𝑦 being the mean and standard deviation of the y 

relative coordinates across the timelapse. 

𝑧𝑧𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛(𝑡𝑡) = 𝑧𝑧𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡)−𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑧𝑧
𝜎𝜎𝑧𝑧

 with 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑧𝑧   and  𝜎𝜎𝑧𝑧 being the mean and standard deviation of the z 

relative coordinates across the timelapse. 

 

Mean Squared Displacement:  

𝑀𝑀𝑀𝑀𝑀𝑀𝑋𝑋 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) = 𝑥𝑥𝑟𝑟𝑟𝑟𝑟𝑟2 (𝑡𝑡) 

𝑀𝑀𝑀𝑀𝑀𝑀𝑌𝑌 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) = 𝑦𝑦𝑟𝑟𝑟𝑟𝑟𝑟2 (𝑡𝑡) 

𝑀𝑀𝑀𝑀𝑀𝑀𝑍𝑍 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) = 𝑧𝑧𝑟𝑟𝑟𝑟𝑟𝑟2 (𝑡𝑡) 

𝑀𝑀𝑀𝑀𝑀𝑀3𝐷𝐷 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) = 𝑥𝑥𝑟𝑟𝑟𝑟𝑟𝑟2 (𝑡𝑡) + 𝑦𝑦𝑟𝑟𝑟𝑟𝑟𝑟2 (𝑡𝑡) + 𝑧𝑧𝑟𝑟𝑟𝑟𝑟𝑟2 (𝑡𝑡) 

Elapsed time:  

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ∗ 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 


