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Abstract - Vision-based object detection and tracking techniques play an important role in a broad 

range of civilian and military applications such as industry inspection, surveillance and battlefield 

awareness. In this talk, I will introduce a new tracking system that is able to track dense object populations 

(hundreds to thousands) and determine their spatiotemporal histories over extended period of time (days to 

weeks). This system is being tested in biomedical research that directs the migration and proliferation of 

stem cells to meet research and clinical demands on tissue engineering. 

Major challenges to existing tracking techniques, in dealing with stem cells in microscopy images, are 

caused by the special microscopy imaging process and the complexity of cell behaviors (shape deformation, 

object occlusion and cell mitotic events). To address these difficulties, I first establish a scientific 

understanding of phase contrast microscope's optical properties for modeling its image formation process. 

A linear imaging model is found to well explain the phase contract imaging system. Using this model, I 

formulate a quadratic optimization function with sparseness and smoothness regularizations to restore 

artifact-free microscopy images. The removal of artifacts allows for obtaining high quality object 

segmentation by simply thresholding the restored image. Then we apply data association algorithms on 

segmented object candidates and solve the problem of object tracking by using linear programming. 

After presenting the challenges and excitements of this new application area of large-scale cell tracking, at 

the end of this talk, I will discuss the role of object tracking in related research topics including crowd 

behavior recognition and identification, disaster relief, collaborative and active tracking in a sensor network. 
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