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Abstract

ABSTRACT

As a basic technology of bio-micromanipulation, cells injection plays an
important role in many research fields, such as transgenics, clonning, artificial
insemination, drug development, and so on. Currently, the cells injection is mainly
implemented manually or semi-automatically, which results in low efficiency and
poor reproducibility, because of cell injection's high technique, complexity, and
instability. This paper aims to develop an automated batch system of cells injection to
improve the efficiency and reduce the burden on operators. This work focus on the
fallowing topics:

1. Review of automated batch cells injection system. The role of cells injection
in the biological research, present cells injection systems and related technology are
firstly reviewed. Then, the importance of automated batch system of cells injection is
introduced.

2. The structure of the automated batch system of cells injection. The capability
and parameters of the injection system equipments are introduced. The design and
microfabrication of the chip for batch cells immobilization are also described in
detail.

3. Cells recognizing, injector recognizing and tracking. The cells and injector are
recognized by image processing such as Canny algorithm, ellipse fitting algorithm
and Hough transform. And pyramid-based template matching is used for real-time
tracking of injector.

4. Auto-focusing research for microscope. Several kinds of sharpness evaluation
algorithms and searching strategy are compared for selecting the best ones. At last, the
Brenner gradient algorithm and "climbing dichotomy" searching strategy are selected
as the best algorithms for the high-speed auto-focusing.

5. Calibration of the micro-vision system. A model of micro-vision system is
firstly established. Then the 2D micro-vision system is calibrated with high-precise

micromanipulator.



Abstract

6. Research on visual control of the micromanipulator and the 2D nano-stages. A
new visual control based on the Newton iterative method is proposed. By the iterative
method, the manipulator can be controlled to approach the objective position precisely.
The experiment shows that accuracy of the visual control based on the Newton
iterative method meets the needs for cells injection system. Meanwhile, the
position-based open loop control is adopted for 2D nano-stages which are used to
translate the batch cells immobilization chip.

7. Software implementation for the automated batch cells injection system. The
single cell injection experiment and batch cells injection simulation are also

implemented with the injection software.

Key Words: Cells automation injection; Batch; Calibration; Visual control;

Auto-focusing
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