


 

binary cell clusters. By circular shift of CD of each pixel with respect to the major axis of the binary object, the pair of concavity 
pixel can be easily detected (Figure 3 (c)). A cell cluster is split by the line joining two concavity pixels (e.g. A and B in Figure 3) 
as shown in Figure 3. (d). Figure 4 shows the result of applying splitting algorithm.  

 

              

Figure 3.   Splitting a cell cluster.  (a) An example binary image of a cell cluster. (b) A cell cluster with two concavity points A and B.  Major axis of the 
cluster is computed (denoted in green) and convex hull points are detected to compute the concavity death of each pixel on the boundary of the object. (c) 
Concavity plot: concavity depth (CD) of each pixel is computed and the rotation normalization of computed CD is achieved by circular shift. A and B in the 
plot denotes local maxima of each side of major axis of the object. (d)  Split result of a cluster. 

 

 
Figure 4.   Example images of wild type COS1 cells collected by confocal microscopy. (a) Classification result of a binary image. The boundary of normal 
cells and cell clusters are displayed in red and green respectively.  (b) The result of applying splitting algorithm showing all cell clusters are split correctly. 

We apply the developed method to 42 images of wild type COS1 cells without treatment at  seven different time points (2, 6, 
12, 24, 48, 72, and 120 hours. The cell density of the untreated COS1 cells is computed by dividing the total number of cells by the image area. 
The result (Figure 5) shows a gradual increase in cell density from 2 hours to 24 hours, but a dramatic increase from 48 to 120 hours.   

 

 
 Figure 5.   Cell density (/mm2) of untreated COS1 cells across the seven time points.     
 
The proposed method successfully split the cell clusters classified within an image. As a result, the method can provide the 

consistent cell counts regardless of the experimental condition. The proposed method provides a reliable way to determine 
alive/dead cells from confocal microscopy images. 
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