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Abstract

A prototype of the 6-MeV medical linear accelerator has
been under development at Synchrotron Light Research In-
stitute (SLRI). A set of secondary collimators is utilized
with different size arrangement for beam shaping purpose.
To produce the desired field size of the beam, the FPGA-
based collimator motion control is designed in VHDL for
simultaneous control of the collimators while the main PI
control is implemented in the FPGA’s main processor. In
this paper, hardware and software upgrades of the collima-
tor motion control system are presented. A custom drive
hardware for individual collimator is designed to imple-
ment with the existing FPGA controller board. Interface
between the custom hardware parts and the FPGA’s pro-
grammable logic (PL) part is described. Communication
between the motion control subsystem and the main Lab-
VIEW control software on PC is modified to send and re-
ceive parameters wirelessly. Software modification of the
FPGA’s main processor part and that of the LabVIEW GUI
part is also reported.

INTRODUCTION

Currently, SLRI has been developing a prototype of the
6-MeV medical linear accelerator for cancer treatment. Re-
verse engineering approach has been employed in this re-
search and development via a donated machine. The proto-
type consists of several subsystems, for examples, a linear
accelerating structure, a 3.1-MW magnetron, a solid-state
modulator, drive stand, a linac treatment head, and a central
control system. All subsystems are connected to the central
control system in a private network as shown in Figure 1.
Introductory detail of this machine prototype can be seen

in [1].
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Figure 1: Network diagram of the machine prototype.

The FPGA-based motion control of collimators, both
hardware platform and software implementation, is ex-
plained in detail in [1]. The main hardware parts consist of
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the secondary collimators and their drive PCBs, the Digi-
lent’s Zedboard and the 8-channel bipolar simultaneous
sampling ADC (Analog Devices’ EVAL-AD7606SDZ),
and the digital IP blocks designed by VHDL in the pro-
grammable logic (PL) part of the FPGA. Digital feedback
control utilizing PID controller for each of the collimator
and the interface between hardware and control software,
including LabVIEW GUI, are also described. The perfor-
mance of the developed system is very satisfactory in order
to control all collimators simultaneously.

In this paper, hardware modification and upgrade are
presented. In-house electronic parts and custom drive sys-
tem for individual collimator and the implementation with
the existing FPGA controller board is described. Wireless
communication and software development, together with
the data transfer to the LabVIEW GUI for monitoring pur-
pose, are explained. System performance and conclusion
are discussed at the end of the paper.

HARDWARE

Several hardware parts of the motion control system
have been designed and upgraded. Major modifications for
this new system are new custom electronic PWM drive
PCBs, DC power supply modules, wireless development
boards, and a new ADC module. Each of them is explained
in this section.

Custom PWM Drive PCBs

Since there are two adjustable pairs of collimator jaws in
the linac treatment head with one pair installed above the
other to provide symmetric and asymmetric fields, the mo-
tors that move the collimators must be driven inde-
pendently. Traditional H-Bridge circuit based on IR8200B
is used to provide appropriate voltage to control the motor
speed with PWM signal. A custom PWM drive PCB is de-
signed to drive a motor and to receive four signals from
external controller board to control IR§200B. These four
signals are PWM, Direction, Brake, and Motor Enable, and
they are provided by the PL part of the Zedboard controller
through the rear connector of the equipment box. This cus-
tom PCB is installed in a standard equipment box as shown
in Figure 2. Each box also contains a wireless development
board which will be described in the subsequent subsec-
tion.
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Figure 2: Custom PWM drive PCB installed in a standard
equipment box.

The PWM drive PCB was tested using the Zedboard con-
2 troller and DC power supply as shown in Figure 3. In this
§ initial test, a small dc motor was chosen just for verification
Z of the circuit design on the new PCB. Figure 4 shows the
% result of the test. One LED is turned on when the motor
£ rotates in a clockwise direction. Similar result occurs to the
£ other LED when the motor rotates in a counter-clockwise
‘S direction.
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Figure 3: Test setup for PWM drive PCB with Zedboard
controller and DC power supply.

Figure 4: Test result of the new PWM drive PCB.

DC Power Supply Modules

Several DC voltage levels are required for the collimator
© motion control. For the collimators, 24 volts and 27 volts
£ are needed to supply the motors driving the upper jaws and
f lower jaws, respectively. The other voltage levels for elec-
< tronic circuits are £15 volts, £12 volts, and 5 volts. A cus-
5 tom set of DC power supply modules are built for the sys-
S tem. They are shown in Figure 5. The installation in the

3 standard equipment rack is shown in Figure 6.
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Figure 5: DC power supply modules designed in standard
equipment box.
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Figure 6: Equipment rack for PWM drive PCBs and DC
power supply modules.

Wireless Development Board

LinkIt Smart 7688 Duo development board [2] is chosen
to be our module to communicate wirelessly with the Main
Control System Software on the PC. It is an open develop-
ment board based on the OpenWrt Linux distribution,
MT7688 microprocessor (MPU), and ATMega32U4 mi-
crocontroller (MCU). Arduino Breakout for LinkIt Smart
7688 Duo [3] is also used to make prototyping easier
through simplified wiring in order to use additional Ar-
duino shields. The installation of the boards is also shown
in Figure 2. The main reason of using this wireless module
is to send collimator position data over 2.4 GHz WiFi for
monitoring and redundancy purposes.

New ADC Module

A new ADC module for sampling the position data of the
collimator, which is in a form of bipolar DC voltage be-
tween -10 volts to 10 volts, is needed. An Extended ADC
Shield [4] is chosen to complete this task. The 16-bit ver-
sion of this shield utilizing Linear Technology LTC1859 is
chosen so that it gives the same sampling resolution as that
of AD7606 with the same number of channels (8 channels)
but slightly lower sampling rate of up to 100 kSPS. It in-
terfaces with the LinkIt Smart 7688 Duo development
board over SPIL.

SOFTWARE

Software implementation of the upgraded system is
mainly developed for LinkIt Smart 7688 Duo development
board. The primary purposes are to communicate wire-
lessly with the Main Control System Software and to sam-
ple the collimator positions using the Extended ADC
Shield. Slight modification is performed for the LabVIEW
GUI on PC to receive and display this new set of data. The
main C program running the feedback control algorithm on
the PS part of the Zedboard controller and the AD7606
ADC Interface IP designed by VHDL on the PL part remain
the same to reduce complexity of the overall design.

Implementation and interface between LinkIt Smart
7688 Duo and Extended ADC Shield is shown in Figure 7.
All eight potentiometer voltages representing collimator
position signals are sampled by the Extended ADC Shield.
The ATMega32U4 MCU is used to communicate with the
shield by SPI interface, and the control software is devel-
oped in C on Arduino IDE using Library Functions de-
scribed in [4].
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Figure 7: Interfaces between wireless development board
and ADC.

Once all collimator position values are obtained by the
MCU, they are sent to MT7688 MPU using UART inter-
face. The MPU controls when to receive the data by send-
ing either a “START” or a “STOP” command. This part of
the software is developed in Python.

Figure 8: Extended ADC Shield [4].

On the Zedboard controller, the main C program and the
AD7606 ADC Interface IP remain the same for real-time
measurement and digital feedback control purposes, which
can be referred to the block diagram in Figure 8 in [1]. All
data from eight ADC channels of the wireless development
board are sent to the GUI using 2.4 GHz WiFi. This set of
data is used for position monitoring and redundancy pur-
poses. Figure 9 shows the block diagram of the upgraded
system. The LabVIEW program running a Main Control
System Software is modified to receive the data via WiFi.
All collimator position values received from the Extended
ADC Shield are comparable to those sampled from the
AD7606 daughter board of the FPGA. They are displayed
on the GUI as shown in Figure 10.
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Figure 9: System block diagram of the updated system.
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Figure 10: Main Control System Software showing colli-
mator position values received wirelessly.

SYSTEM PERFORMANCE

In the hardware tests, all custom PWM drive PCBs and
DC power supply modules were tested very carefully. In
addition to the initial test described in the Hardware sec-
tion, the PWM boards were supplied with external DC
voltages from the power supply modules at 24 volts for up-
per collimators and 27 volts for lower collimators. The
Zedboard controller was used to control the motion of the
collimator. This ensures the compatibility of the new hard-
ware with an existing system. In the software tests, all pro-
grams were carefully tested and debugged to make sure all
processors and controllers, together with their interfaces,
work correctly. Two sets of collimator position values, one
from the existing FPGA system used in feedback control
and the other from the wireless system used in monitoring
purpose, were compared. The error between these two data
set is within 1%. Even though the sampling frequency of
the ADC of the wireless system is smaller, this error is ac-
ceptable for this prototype development because its ADC
has the same number of bits (16 bits) as that of the FPGA
system.

DISCUSSION AND CONCLUSION

The motion control system of the secondary collimator
is upgraded. The hardware and software systems are mod-
ified to apply IoT technology to the existing system. The
custom PWM drive system and DC power supply modules
are designed and built. A number of tests have been per-
formed to ensure system compatibility. The new wireless
development board and 8-channel ADC module are chosen
for sending collimator position values wirelessly. Initially,
this new sampling system is used for monitoring and re-
dundancy purposes only while the existing FPGA-based
sampling system is used for digital feedback control. The
existing LabVIEW GUI is modified to receive collimator
position values from the wireless system. The resulting col-
limator position values from both systems are found to be
comparable with small and acceptable error.

It is planned to perform further upgrades to this motion
control system. It can be seen that GUI sends the desired
setpoints and receives the sampled collimator position val-
ues via UART. To allow remote installation of all hardware
of this motion control system, these data can be transferred
wirelessly, with an appropriate interface between the Zed-
board controller and the wireless development board. The

THP10

Hardware Technologies and Custom Hardware, Feedback Control and Tuning, Timing and Synchronization 185

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



12th Int. Workshop on Emerging Technologies and Scientific Facilities Controls PCaPAC2018, Hsinchu, Taiwan JACoW Publishing

5 ISBN: 978-3-95450-200-4

A

E selection of either the existing ADC module driven by the
E" FPGA logic or the new ADC shield with the SPI interface
Z is left as an open choice since they have the same sampling
%resolution. In either case, real-time and simultaneous con-
+ trol of all collimator jaws can still be achieved.
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