
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 

 

1D displacement threshold values:  

X and Y displacements between two consecutive frames are compared to the lateral 
resolution value 𝑟𝑟𝑟𝑟𝑟𝑟𝑥𝑥,𝑦𝑦

𝑜𝑜  

𝑁𝑁𝑁𝑁 ≤ 0.7     𝑟𝑟𝑟𝑟𝑟𝑟𝑥𝑥,𝑦𝑦
𝑜𝑜 =

0.377 ∗ 𝜆𝜆𝑒𝑒𝑒𝑒
𝑁𝑁𝑁𝑁

 

𝑁𝑁𝑁𝑁 > 0.7    𝑟𝑟𝑟𝑟𝑟𝑟𝑥𝑥,𝑦𝑦
𝑜𝑜 =

0.383 ∗ 𝜆𝜆𝑒𝑒𝑒𝑒
𝑁𝑁𝑁𝑁0.91  

Z displacement between two consecutive frames is compared to the axial resolution value 
𝑟𝑟𝑟𝑟𝑟𝑟𝑧𝑧𝑜𝑜 



𝑁𝑁𝑁𝑁 ≤ 0.7    𝑟𝑟𝑟𝑟𝑟𝑟𝑧𝑧𝑜𝑜 =
0.626 ∗ 𝜆𝜆𝑒𝑒𝑒𝑒

𝑛𝑛 − √𝑛𝑛2 −  𝑁𝑁𝑁𝑁2  
 

𝑁𝑁𝑁𝑁 > 0.7    𝑟𝑟𝑟𝑟𝑟𝑟𝑧𝑧𝑜𝑜 =
0.626 ∗ 𝜆𝜆𝑒𝑒𝑒𝑒

𝑛𝑛 − √𝑛𝑛2 −  𝑁𝑁𝑁𝑁2  
 

3D displacement between two consecutive frames t-1 and t is compared to the reference 
resolution distance 𝑟𝑟𝑟𝑟𝑟𝑟𝜃𝜃,𝜑𝜑

𝑜𝑜  

𝑟𝑟𝑟𝑟𝑟𝑟𝜃𝜃,𝜑𝜑
𝑜𝑜 =

𝑟𝑟𝑟𝑟𝑟𝑟𝑥𝑥𝑜𝑜 ∗ 𝑟𝑟𝑟𝑟𝑟𝑟𝑦𝑦𝑜𝑜 ∗ 𝑟𝑟𝑟𝑟𝑟𝑟𝑧𝑧𝑜𝑜

�(𝑟𝑟𝑟𝑟𝑟𝑟𝑦𝑦𝑜𝑜 ∗ 𝑟𝑟𝑟𝑟𝑟𝑟𝑧𝑧𝑜𝑜 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∗ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)2 + (𝑟𝑟𝑟𝑟𝑟𝑟𝑥𝑥𝑜𝑜 ∗ 𝑟𝑟𝑟𝑟𝑟𝑟𝑧𝑧𝑜𝑜 ∗ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∗ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)2 + (𝑟𝑟𝑟𝑟𝑟𝑟𝑥𝑥𝑜𝑜 ∗ 𝑟𝑟𝑟𝑟𝑟𝑟𝑦𝑦𝑜𝑜 ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)2 
 

 

With  

𝛷𝛷 = arccos 
𝑥𝑥𝑡𝑡 −  𝑥𝑥𝑡𝑡−1

�(𝑥𝑥𝑡𝑡 −  𝑥𝑥𝑡𝑡−1)
2 + (𝑦𝑦𝑡𝑡 −  𝑦𝑦𝑡𝑡−1)

2
 

 

 

𝛩𝛩 = arccos 
𝑧𝑧𝑡𝑡 −  𝑧𝑧𝑡𝑡−1

�(𝑥𝑥𝑡𝑡 −  𝑥𝑥𝑡𝑡−1)
2 +  (𝑦𝑦𝑡𝑡 −  𝑦𝑦𝑡𝑡−1)

2 +  (𝑧𝑧𝑡𝑡 −  𝑧𝑧𝑡𝑡−1)
2
 

 

 


