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There are two main concepts and challenging issues for on-chip living cell operations
which as sensing and manipulation. Visual sensing techniques of living cells associated with
numerous computer vision methods and automatic manipulation tasks of them have vital
importance for microfluidic devices. Key requirements in successful implementation of such
techniques are real-time cell detection, tracking, sizing and dexterous on-chip or off-chip cell
manipulations, which are essential parts of the micro-robotic applications.

Visual sensing process is the first part to be implemented on microfluidic chips. Due to
high cost and big sizes, on-the-shelf microscopic systems are not appropriate to be used to
monitor different locations at the same time on microfluidics devices. Thus, integration of optical
components with microfluidic devices accompanied by light sources and sensors can be an
efficient alternative. Although there have been a wide range of applications using integrated
optics on fluorescent techniques, there are no widely-known integrated camera ready optical
devices coupled with a light source for the purpose of image analysis capable of acquiring the
required information such as size and position to manipulate cells in a micro channel. Three
MicroVision systems were prototyped and designed for the purpose of on-chip continuous
monitoring of living cells. These compact imaging systems were associated with computer vision
algorithms. They are compact and provide a good image quality allowing extraction of the
desired information of the living cells from the acquired images.

Dexterous manipulation is main function for on-chip cell operations such as single cell
loading/supply and cell coupling. To do that, cells must be aspirated from a container and then,
transfer into microfluidic chip. For example, in conventional method, the single cell transfer and
control from a container to in a PDMS microfluidic chip is carried out by the aid of a
micro-pipette suction and manual on-chip stream manipulation by a pump. Biological cells must
be picked up from the container one by one under the view of microscope and then, supplied into
the microfluidic chip, where single cell operations are performed. For each single cell, an
operator should go over same method again until collecting desired number of cells. Even though
this process is somehow relatively easy for big size cells (cocyte ~100 um), it is infeasible for
small size cells (fibroblast ~15 pm) for repetition of this process. A skilled operator is required for
such kind of time consuming applications. Moreover, if the pump speed doesn’t synchronize with
every manual cell supply process, bubble formation could be observed in the flow stream, which
is harmful for living cells. Once the desired number of cells is delivered into micro-channel, they
need to be brought into the operation area one by one again. Besides, the distance between
consecutive cells cannot be maintained in the micro-channel by manual methods. Here, I show a
novel solution which can accomplish all these manipulation tasks (cell suction, transportation,
in-chip position control and cell supply to other modules) automatically with one integrated
system in order to achieve successful single cell loading/supply and cell coupling.
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