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Algorithm for tracking living cells in vitro based on quantitative analysis of characteristic extraction
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Abstract: Objective To improve the efficiency and accuracy of cell tracking algorithm for sequential images under a microscope.

Methods An automatic cell tracking algorithm based on two-step threshold and morphology with topology-graph theoretical

approach was proposed to analyze the trajectories and motility parameters of living cells in vitro. The accuracy of the cell tracking

algorithm was analyzed in the aspects of cell number and cell characteristics. In characteristic analysis, 5 characteristic parameters

were compared between automatic cell tracking and manual cell tracking, including motility distance, motility speed, chemotaxis
speed, chemotaxis index, and persistency. Results The proposed algorithm achieved the identification of cells in high gray-level

regions in the capillary tube and those in other lower gray-level regions, and the accuracy in cell number was 91.8%. The 5

characteristic parameters of automatic cell tracking were consistent with the results of manual sampling, with an error not

exceeding 5%. Conclusion The automatic cell tracking algorithm based on two-step threshold and morphology with topology-

graph theoretical approach can effectively improve the accuracy of cell tracking.
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Fig.1 Flow chart of algorithm design
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Fig.2 Cell migration under a microscope
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Fig.4 Flow chart of cell tracking
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Fig.5 Serial number of cells of sequence III
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Fig.6 Flow chart of cell tracking algorithm based on topology—graph theoretical approach
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Fig.7 Trajectories of sequence IV (a) and sequence V (b)
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Tab.1 Accuracy in cell number detected by automatic cell tracking algorithm

Accuracy/%
Sequence  Frame Actual cell Cell number .detected T —
number by algorithm Topology algorithm
theoretical algorithm
S1 16 52 45 82.69 86.54
S 31 30 29 93.33 96.67
S 30 24 22 87.50 91.66
SV 44 29 30 82.75 96.67
SV 31 21 24 70.00 87.50
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Tab.2 Comparison of the mean values of 5 characteristic parameters between automatic cell tracking and manual cell tracking

Sequence Method  Motility distance/um  Motility speed/pm-s’ Chemotaxis speed/um-s'  Chemotaxis index/%  Persistency/%

S1 Auto 32.10 2.01 3.17 1.58 1.06
Manual 33.84 2.12 3.15 1.49 1.01
S1I Auto 139.47 4.50 16.56 3.68 1.02
Manual 239.03 7.71 16.49 2.14 1.04
SII Auto 82.22 2.74 4.61 1.68 1.00
Manual 80.88 2.70 432 1.60 1.00
SV Auto 74.01 1.68 3.71 2.21 0.97
Manual 74.25 1.23 3.63 2.94 0.98
SV Auto 96.52 3.11 3.72 1.19 1.01
Manual 98.79 3.19 3.73 1.17 0.90
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Fig.8 Accuracy between automatic cell tracking and manual cell

tracking
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