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ABSTRACT

Multileaf collimator (MLC) is among the radiation field shaping systems used for conformal radiotherapy and intensity modulation
radiation therapy techniques. The MLC system that has been designed and fabricated in this study includes 52 leaves, 52 stepper
motors, 2 DC motors, 16 programmable logic controllers (PLCs) and one human machine interface (HMI). This system can be
mounted on conventional linear accelerators (linac) as an add-on accessory. The 52 leaves are mounted on two carriages that
are moved independently. The leaves sequence acquired from the image processing of computed tomography images is used
to arrange leaves. This sequence is saved in a text file. The leaves are arranged by HMI and labVIEW. Using HMI it is possible
to test the operation of PLCs and manually enter the numerical values of the leaves edges. An executable file is developed by
labVIEW program, which is graphically user interfaced between the operator and the MLC control system. The projected width
of each leaf on the isocenter accelerator (usually at 100 cm from the source) is 10 mm. The positioning accuracy of each leaf is
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approximately 1.4 mm.
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INTRODUCTION

In the last few years the focus in the field of radiation therapy
has been on how to improve tumor control by increasing
total dose per fraction, while keeping the dose to organs
at risk as low as possible.!" Many organs such as the spinal
cord, salivary glands, lungs and eyes are relatively sensitive
to radiation damage therefore they must be given special
consideration during radiotherapy treatment planning.
Explicit field shaping of the beam is required to reduce the
amount of healthy tissue irradiated, and multiple beams
are used to lower the dose absorbed by tissue outside the
target volume.?!

It is achieved through high-precision and high-gradient
dose irradiation techniques. Stereotactic treatment of brain
metastases treated in a single session is the most significant
example of this kind of approach. However, stereotactic
radiation therapy is usually employed to treat lesions with
a diameter smaller than 35 mm and an extremely simple
shape. P4

Among the shaping systems that are used to match the
radiation field against the contour of target volume, can
be mentioned to multileaf collimator (MLC). MLC has
movable leaves, or shields, which can shield some fraction
of the radiation beam; typical MLCs have 20-120 leaves,
arranged in pairs. By using a computer control to position
a large narrow, closely abutting leaves, an arbitrary shaped
field can be generated.”

There are many researchers to design a computer-controlled
MLC systemP” and the effects on patient dose.®” Design
and construction stages of our prototype MLC included
the following sections: Mechanics,"®!"l image processing of
CT slices!™ and control."® This article explains the control
process of our MLC design and fabrication. The design of
an alternative control section of MLC system that allows
a high precision shaping of large fields is also presented
in this article. In comparison with other MLC system
that is controlled by the microcontroller,' this system
is controlled precisely and easily by programmable logic
controllers (PLCs) and can be improved in future studies.
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MATERIALS AND METHODS

The MLC system consists of 52 leaves, 52 stepper motors,!"!
2 DC motors,'"” 16 PLCs!"” and one human machine
interface (HMI).'”! Figure 1 schematically shows the flow
diagrams used in MLC system designed.

The specifications and functions of this prototype MLC
prototype be described as following:

Mechanical Part

In the research phase of this study, aluminum alloy was
used for the construction of leaves as the material of choice
because of its low machining cost. The collimating device is
made up of two opposing banks of 26 pairs of leaves 5 cm
in height, 20 cm in length and 1 cm in width. The projected
width of each leaf and the maximum field size on the
isocenter of a Varian linear accelerator can be 10 mm and
26 cm X 40 cm, respectively. The 52 leaves (26 per side) are
mounted on two carriages that are moved independently,
to extend their movements across the radiation field. The
leaves ends move perpendicular to the beam’s central axis
and have parallel design.'” The top view of the designed
MLC is shown in Figure 2.

Dynamic Part

Each leafis moved by a combination, including three parts:
A DC motor, a gearhead and an encoder.'"” Triangular
thread screws are used to convert rotation to linear
motion. The pitch of the thread is 0.7 mm. Miniature
slit-type flexible coupling is used between the DC motor
shaft and the screw in each leaf.l" This part is shown in
Figure 3.

This coupling is used to prevent nonaxial between the
motor shaft and the triangular thread screw. This part is
shown in Figure 4.

Acquired anatomical images

Control Part

The MLC control unit consists of 14 PLCs to control the motors
and 2 PLCs to control the two carriages. One of the PLCs is
the link between PLCs and HMI/PC. Each four contiguous
leaves are controlled by one PLC. The connection through
PLCs is done via the RS-485 port. The communication
between the operator and the MLC system is done via two
ways: HMI and PC. HMI and PC be communicating with one
of the PLCs (mentioned above) by RS-485 port and RS-232
to RS-485 converters, respectively."!! The two power
supplies are provided 24 VDC. Changing the direction of leaf
motion is done by the power relay!'.l'”l This power relay is
controlled by one of the PLCs. These elements (PLCs, power
supplies, power relay, converter and HMI) are installed into
a computer case, which is shown in Figure 5.

The feedback that is obtained from the revolution of the
motor shaft is sent to the PC by the encoder and RS-232
port. The detection of the leaf position and the operation
of the motor are done by this feedback.

The computer-controlled MLC system is done in the
environment of labVIEW program. In this program, an
executable file is developed under the name of MLC.vi. This
program is graphical user interface between the operator
and the MLC control unit.

Image Processing Part

The information acquired from a tomography technique such
as a computed tomography (CT) machine is used to move
the leaves of an MLC system. As a result, they form a specific
shape, e.g. a tumor. The image forming is accomplished by
utilizing some of the functions available in MATLAB. The
functions are used to extract the geometrical data including
as acquisition, enhancement, and segmentation of the
images, three-dimensional image reconstruction, extracting
sagittal and coronal images.
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Figure I: Schematic diagram of muiltileaf collimator system
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Figure 4: A view of the dynamical part of the multileaf collimator system

The position of leaves, which is called sequence leaves edges,
can be saved in a text file. This file must include 52 numbers
that are the coordinates of the contour of target volume.

RESULTS

The leaves are arranged by the following ways: (a) Using
HMI it is possible to test the operation of PLCs and manually
enter the numerical values of the leaves edges; (b) using
labVIEW program an executable file is developed that is
graphically user interfaced between the operator and the
MLC control system. In this program, it is possible to load
the file including sequence leaves edges and then view the
leaf arrangements obtained through the encoder feedback
of each motor. It is also possible to manually enter the
numerical values of the leaves edges in two columns. The
environment of this program and the MLC configuration are
shown in Figures 6 and 7.

CONCLUSIONS

The projected width of each leaf on the isocenter
accelerator (usually at 100 cm from the source) is 10 mm.
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| Triangular thread screw (0.7 mm pitch)
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Figure 3: A view of the triangular thread screws, miniature slit type flexible

couplings and the DC motors

Figure 5: An inside view of the PC case

The positioning accuracy of each leaf is approximately
1.4 mm.

Since the screws inherently have an axial backlash, they are
not suitable choice for positioning. Therefore, it is suitable
to use ball screws and roller cage.

In this MLC prototype, the control part is designed and

fabricated by using the PLCs. The advantages of PLC with

respect to the microprocessors are described as following:

e The capability to easily develop the dynamical part such
as in changing the geometrical design of the leaf

e The capability to detect leaf position in achieving safe
and reliable position control using the mechanism such
as video-optical system, without making important
changes in wiring.

The feedback received directly from the encoder is valuable,
but in the view point of the positioning leaves is not
reliable. Because if for any reason the transmission path of
the DC motors of leaves it is disconnected (such as screws
couplings relaxes and finally separated from the coupling DC
motors and motor screws) feedback encoder was received.
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Figure 7: Multileaf collimator configuration

Actually leaves are fixed, and this event is very undesirable.
Because the need is to install sensors to place directly from
the leaves position status Information is more accurate.

If for any reason MLC leaves are fixed in place to the system,
it is possible that the relevant residual DC motors work and
will cause serious damage to the engine is entered. Hence,
it is worthy, if the feedback from the motor encoder is not
received; the system power supply automatically cut, and
the user notify it.

In a typical MLC configuration, each leaf is moved to the
opposing leaves or vice versa by using the power relay,
simultaneously. It is a potential limitation to decrease the time
for the MLC configuration. It is hoped that this limitation is
removed in the future designs via to develop the control part.
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