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Abstract

Development of Microscope Three-Dimensional Tracking System
and
Reflective Analysis of Product Development Process

The purposes of this thesis are the development of a three-dimensional tracking system for use with
optical microscopes and acquisition of knowledge about efficient product development process
management.

First, the author proposed a new three-dimensional position detection method using the astigmatic
lens method with a profile sensor. The proposed method enables high-speed, real-time
three-dimensional position detection within a wider detection area than that of a conventional
tracking technique, although the target for observation is limited to having a simple spherical shape.
A position detection unit was developed using the proposed method with integrated control software
and the unit was assembled for use with a three-dimensional tracking system for optical
microscopes.

The author is a member of staff at a precision optical equipment manufacturer and has designed and
developed system products related to biotechnology. In recent years, sluggish sales have become
more noticeable because of a variety of factors, including saturation of the optical microscope
market and the entry of several competitors to an already busy market. Under these circumstances,
the author was dispatched to study at the Graduate School for the Creation of New Photonics
Industries (GPI) with the aim of developing a "microscope three-dimensional tracking system". The
author was admitted to GPI after preparing a business plan and taking the entrance examination.

The author analyzed the company’s existing products, the general optical microscope market, other
microscope tracking products, and the types of objects to be observed. As a result, the author
adopted the following policies for development of the microscope three-dimensional tracking
system: 1) a new microscope was not to be developed; 2) a drive unit from an existing product was
to be adopted; 3) the developed product was to be unitized to enable connection with existing
products; and 4) the product was to be available for sale in a competitive price range. The
microscope three-dimensional tracking system is composed of three units: a "detection unit" that
recognizes the target to be observed and estimates its three-dimensional position, a "drive unit" that
adjusts the field of view and the focus, and the “control unit,” which integrates the first two units and
executes the tracking procedure. The development procedure adapts the company’s existing products.

The author developed new detection units with different performance capabilities and a new control



unit. These newly developed units enable selection of units according to an individual user’s needs
with costs in a competitive price range. Specifically, the author developed a low-speed and low-cost
tracking and detection unit, a high-speed tracking and detection unit, and software that integrates and
controls both the detection and the drive units.

The author developed a simple position detection unit using camera images and personal computer
(PC) image processing software. Position detection software using the CamShift method was
implemented to enable automatic recognition of an observation target based on color information,
along with a feedback control process for the microscope stage. These units were assembled to
produce a simple tracking system. Tracking experiments were carried out using a yeast fungus with a
diameter ranging from 5 to 10 um as an observation target to confirm the accuracy of the tracking
performance. For observation of a slowly moving object, high-speed position detection and feedback
processes are not required and the slow tracking system is thus useful for applications such as
long-term tracking of a slowly moving target.

Next, the author developed position detection units using the astigmatic lens method and a profile
sensor. The three-dimensional position of a target under observation can be detected using the
astigmatic lens method via simple calculations. The profile sensor is a high-performance
complementary metal-oxide-semiconductor (CMOS) image sensor that outputs the required
projection profiles at a data acquisition rate of 3.2 kHz. The combination of these two units allows
rapid detection of the three-dimensional position of the target under observation over a wide
detection range. The author developed a profile sensor module that contained a control circuit
composed of a profile sensor chip, PC communication functions, an arithmetic calculation circuit,
and a signal output interface to the drive unit. In addition, a prototype high-speed position detection
unit with new illumination, imaging optical and mechanical systems was also designed. As a result
of experiments using a 45-pum-diameter polystyrene bead as a target, the detection area range
parameters were confirmed to be =90 pm < X <90 pm, —90 um <Y <90 pm, and -9 yum < Z <9
um.

Finally, using the developed tracking system, tracking of a 10-um-diameter polystyrene bead that
was suspended in water for 40 min was demonstrated. Use of the proposed method is currently
limited to simple spherical targets, such as Chlamydomonas. However, by attaching or embedding
fluorescent proteins, beads and quantum dots to act as fluorescent markers, the developed tracking
system can also be applied to arbitrarily-shaped targets.

The second purpose of this thesis was to acquire knowledge about more efficient processes for new
product development management. The process used at GPI for development of the microscope
three-dimensional tracking system was analyzed reflectively, and the author describes this process as
a self-ethnography. The analysis focused specifically on two subjects, "motivation" and "team

building", and a research question was set for each subject. In the analysis, the author adopted the



concepts of intrinsic motivation theory, dialogue theory, and community of practice. From the
motivation viewpoint, it was found that the words of speakers must have the power to convince
others. Those speakers who are strongly and intrinsically motivated are reliable and have the power
to persuade others. In addition, from the team building viewpoint, it was demonstrated that the
power to convince other people and the density of information exchange are both important. In other
words, high-density communication plays an important role in team building. The author also
offered suggestions to both individuals and organizations with the intention of improving social
practice in business fields in the future, using knowledge that was reflectively derived from the case
study based on the author’s own practical activities.

This study was carried out with considerable support from the affiliated company, other
organizations including GPI, and other related individuals. In the product development phase, the
author was able to realize new three-dimensional position detection technology for microscope
observation targets. In addition, through reflective analysis of the product development process, the
author found that "intrinsic motivation" is important to enable results to be achieved in practical
activities. In further practical activities, including future product development processes, the author
will pay attention to the "internally persuasive discourse" that leads to motivation. The author is
convinced that this approach will provide a more effective practice for product development

management and will eventually contribute to increased creativity in the photonics industry.
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