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Research Title: The Development Of Automatic Control System For
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Faculty: Science Departmant: Physics

ABSTRACT

This special project aim-is to design and implement a semi-automation
system for controlling optical tweezers' sample stage moving in X-Y axis using a 5-
phase stepping motors ‘which -have been controlled by microcontroller. These
stepping motors have been operated with a resolution of 0.072 degree per step in
the range of 0.2 micrometer.After that this semi-automation X-Y sample stage
controlling system has been installed with conventional optical tweezers based on
microscope to complete the overall system. Furthermore the vision system for
optical tweezers system has been operated with specific software to capture still,
and dynamical images and store them into computer data storage. In operation
testing, the sample particles that is polystyrene have been used to test the overall
system operation. After system testing we found that this optical tweezers with semi-
automation sample stage controlling system can be applied to study a small
particles in micron scale, and biological cells-and analyze some biophysics properties

and so on.

Keywords : Stepping motor, X-Y-stage, Optical tweezers
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2. Graphic Block Diagram
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Low cost optical tweezers systems using double coil driving

stepping motor to controlling sample stage
N. Laowattanatham,' N. Cheamanunkul, S. Plaipichit, P. Buranasiri,and R. Nuansri
Department of Physiscs, Faculty of Science, King Mongkut's Institute of

TechnologylLadkrabang
Bangkok, Thailand, 10520

ABSTRACT

In this research, the low cost optical tweezers systems using X-Y stage has been
developed by using 5-phase stepping motor. By using sequential double coil driving,
we can obtain the driving torque larger than using the single coil driving. The moving
scale is fine resolution at 0.2 micrometer. The overall systems based on
microcontroller PIC18F458 and joystick controller with LabView® graphical user
interface (GUI). The mechanical damping has been included in the system for
decreasing the vibrational noise. By using this method, our optical tweezers system is
cheaper than the other commercial system that has been used the piezoelectric
driving, and still has the same efficiency.

Keywords: Optical tweezers, stepping motor, double-coil driving, low vibrational

noise, GUI monitoring

1. INTRODUCTION

An optical tweezers system has been first found by Ashkin for trapping and cooling
atom in gases [1, 2]. Nowadays, this system has been applied to investigate in many
topics i.e. elasticity of biological cells (3], molecular motors [4, 5], measurement of
small forces [6, 7], and tracking of bacteria-movements [8, 9]. Previously, the
performances of optical tweezers systems have been always perturbed by vibrational
noise. Since, the most of conventional optical tweezers systems for university
laboratory have been designed base on optical microscope, which is usually manual
controlled the position of sample state by operators [10]. Thus, there are many
researches, which have been used to improve this problem by modifying the sample
stage moving systems using stepping motors [11], or piezoelectric driving modules
[12] etc.

Stepping motors have been widely used to control mechanical arms, automatic

systems and moving stages. Generally, the commercial stepping motors are 2-phase
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stepping motors and have been controlled by using control box, which controlled
the direction and speed of the motor rotation. The stepping rotation of 2-phase
stepping motors is different and depends on the specifications of each stepping
motor. Due to the limitation of 2-phase stepping motors in practice; a hybrid 5-phase
stepping motor has been introduced and developed [13]. This type of stepping
motor has stepped resolution better than generic 2-phase motors. Moreover, the -
hybrid stepping motors can fix the mechanical problem, which always occurred in
conventional types by reducing the vibrational noise. The hybrid 5-phase motors
have been usually installed with gearbox for increasing stepped resolution and
empowering torque to drive heavy load. However, the commercial stepping motors
controllers still are so expensive. Therefore, in our work, we have developed the X-Y
sample stage controller for an optical tweezers system by using the hybrid 5-phase
motors set. These motors can be controlled via our developed control box, which is
based on microcontroller and switching devices, and joystick. Then, overall stage
controller is installed with conventional microscope and some optical components
to complete the low cost optical tweezers system. The LabView® GUI has been
proposed to operate with optical tweezers system for real-time monitoring and
capturing the motion of sample on the sample stage [14].

*pegeza gove@hotmail.com

ICPS 2013: International Conference on Photonics Solutions, edited by Prathan Buranasiri, Sarun
Sumriddetchkajorn,
Proc. of SPIE Veol. 8883, 88830U - © 2013 SPIE - CCC code: 0277-786X/13/518 - doi: 10.1117/12.2022116

2. THEORIES
2.1 Coil structure and wiring pattern of stepping motor 5-phase

Nowadays, technology of stepping motor has been developed more than ever. Many
manufacturers have produced high resolution and accuracy stepping motors as a
compare bipolar stepping motor, which is called “5-phase stepping motor” and it
has a number of coils up to 10 coils while the bipolar stepping motor which has only
8 coils. Because of the number of coils, 5-phase stepping motor has a high step
resolution about 0.72 degree/step or 0.36 degree/step. However, there are two types
of 5-phase stepping motor, the first one is dependent coils as shown in figure 1(a),
and the other one is independent coils as shown in figure 1(b). From this feature,
driving circuit for each type of motor cannot be used with each other. In the other
words, its driving is so difference. The 5 phase stepping motor can be specified by
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observing the number of signal line (dependent coil type has 5 lines and
independent coil type has 10 lines) [15].

Green Blue
E Phase A Pnase g
Orange
D Phase é:m

\
I | Yellow
C Phase

Purple Brown

(a) (b)

Figure 1. Coil structure of 5-phase stepping motor (new pentagon bipolar type) (a)
The dependent coil (5 lines) and (b) The independent coil (10 lines).

@£
Black

2.2 The driving method 5-phase stepping motor

There are many difference way or method to drive the 5-phase stepping motor. Each
method depends on the number of coil, the number of phase, and the type of
driving circuit [16]. In this paper, we have referred to a driving method of this type of
stepping motor with 2-phase activation by using switching devices, which is
controlled based on microcontroller as shown in figure 2. The diagrams of 5-phase
stepping motor and sequential driving table of this stepping motor are shown in
table 1.

+VDD

RS Ri%
kg .

vee T e

————— T L1 WE3205
[13]
R1 FRI02
ne Lo -,——u—l——opmsz MOTER
{1

e 3} 77 kT
} - K i
N e el T L RE1205

DRIVER

Figure 2. Basic circuit to drive the stepping motor 5-phase.
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Table 1. Diagram and table sequence to drive stepping motors.

Phase L | ‘ . Phasek
Step 5}.3:____: op e I
A e i
- = - % Phase A Phase D
c - - -
D - -
E - .
Phase B Phase C
CW Rotage > . ©
tepping matar 5-phase
i o
CCW Ratage 4 Japping otor -phas

3. EXPERIMENTAL SETUP

In this research, we have begun from stepping motor control box development that

is mounted on the X-Y stage. Meanwhile, two 5-phase stepping motors of Vertex
(New pentagon bipolar type) with step resolution 0.072 degree/step was chosen. We

have used joystick to control the position and moving direction of the X-Y stage.

Moreover, limit switches are installed into our systems to prevent the out of

determined moving range of stage and two stepping motor driving circuit broads are
developed and included with this system to drive both motors. The operation
diagram of 5phase stepping motor driver is shown in figure 3 and the schematic of
the overall system (Part of the X-Y stage and optical tweezers system) is shown in

ficure 4.

oy s
e @

. Joystick
& Switch

‘ o

V2 o), i
X-Axis Driver Motor *| GB) |* v-Axis Driver Motor
+ v

Figure 3. Operation diagram of 5-phase stepping motor driver.
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Figure 4. Schematic of the overall optical tweezers system.

Figure 6. Joybox control used control the sliding platform X-Y.
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Figure 7. Semi-automatic control box of sample base (The main control

panel connects to equipment).

Next, the semi-automatic controlled X-Y stage system has installed with sample
stage of microscope as shown in figure 8(a) and then connected with power supply
as shown in figure 8(b). After that the 100x-objective lens is mouthed on the linear
slide X-Y-Z stage as shown in figure 8(c) and adjusted to find the focusing point.
Finally, we have connected the control box with the completed sample stage of

conventional optical tweezers systemm, which as shown in figure 8(d).

Figure 8(a) Figure 8(b)
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Figure 8(c) Figure 8(d)

Figure 8. Parts of optical tweezers system.

3.1 Accuracy testing of rotation of stepping motor

To obtain the good accuracy of the stepping motor rotation, as shown in figure 9 the
encoder is applied for the position measurement with the resolution of 2500
pulse/cycle and it can be programmed for increasing resolution up to 2 - 4 times. If
the software is programmed to measure the rotating accuracy being 2 times, then
measuring resolution must be 5000 pulses/cycle. This can indicate that the signal
would change in every step rotating. With the step resolution of motors is 0.072
degree/step, when stepping motors rotate for 5,000 steps, the signal with 5,000
pulses will be detected.

L

Figure 9. Show a stepping motor connected with encoder used to

measuring the rotation position.
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3.2 The properties of the platform X-Y stage

According to the operation testing of slider X-Y stage, we can summarize the

properties of this stage as shown in table 2.

Table 2. Shows the properties of the platform X-Y stage

Resolution of slider 0.2 micrometer
Precision of slider 1.0 micrometer
Velocity of rotation 50.0 mm./sec.

Maximum sliding )
Axis : X = 20 mm., Y =20 mm.
distance

The graphical user interface (GUI) has been used to observe sample particles, i.e.
beads, which are dropped on glass slide on X-Y stage. The GUI panel for observing
the particles is shown as in figure 10. Figure 11 shows the observed particles in initial
condition before turn on trapping laser. Figure 12 shows the observed particles,
which are trapped in laser beam.

Figure 10. GUI to view beads particte and control X-Y stage movement.
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Figure 11. The particle are move d when adjust position X-Y stage.

Figure 12. The tapped particles with laser beam.

4. CONCLUSION

In this research, the 5-phase stepping motors control circuit is developed to control
the X-Y stage and then adapt with optical tweezers system. This driving system has
been designed to drive stepping motor with full step driving condition of 2 coils and
operated with other control circuit. Meanwhile, all operations are controlled by using
microcontroller, Moreover, for controlling the X-Y stage position, we have designed
the joybox and GUI panel to do this work. Then, the limit switch is chosen to limit
the maximum moving range and prevent the adverse moving range of X-Y stage. For
our work, we can implement this stage moving with resolution about 0.2 micrometer
in each time and the maximum range and speed of stage moving are 2.0 centimeter
and 1.0 mm./s, respectively. The X-Y stage modules can obviously improve the
performance of optical tweezers system. The GUI panel has been used to observe

particles and capture image or VDO files to PC storage.
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