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MIKROKONTROLERSKI UPRAVLJAČKI SISTEM BLENDE

Microcontroller based collimator control system

Saša Anđelković, Ivan Veličković, Milan Rašić and Teufik Tokić

Laboratorija za robotiku, Elektronski fakultet Univerziteta u Nišu, Srbija i Crna Gora

Sadržaj – Ovaj rad opisuje novi upravljački sistem blende rendgenskog zračenja, kao rezultat procesa modernizacije postojećeg upravljačkog sistema uređaja za radiološku dijagnostiku. Novi upravljački sistem zamenjuje stari elektromehanički sistem upravljanja zasnovan na relejnoj tehnologiji. Novi upravljački sistem zasniva se na 16-bitnom mikrokontroleru PIC16F876, i relativno je jeftin, jednostavan za proizvodnju, kalibraciju i održavanje. Iz razloga veće upotrebljivosti razvijeni su kako standardni RS-232 tako i specijalizovani interfejs za komunikaciju sa nadređenim upravljačkim sistemom. U radu je opisan hardver novog upravljačkog sistema, komunikacioni interfejsi, kao i metode i softver za kalibraciju. 
Abstract – This paper presents new controller for an x-ray collimator device. It is a result of the modernization process conducted over an old radiology device control system. The controller is designed to replace an old electromechanical solution based on relay switches. The proposed solution is based on 16-bit microcontroller PIC16F876. The new controller is inexpensive, easy to manufacture, calibrate and maintain. For the sake of versatility, both RS232 and a simple custom designed interface are provided for communication with higher-level controllers. This paper describes controller’s hardware and communication capabilites, as well as methods and software developed to aid calibration process.

1. 
Introduction 

Although almost a hundred years old, x-ray radiology still plays an important role as widely used medical diagnostics. During the diagnostic procedure radiology device generates a beam of x-rays that passes trough a patient’s body onto sensitive film or digital imaging sensor. The area of the patient’s body that is exposed to x-ray beam is defined by a medical diagnostic criteria, and should be as small as possible. The device that controls the size of the x-ray beam, called collimator, is a very important part of any radiology device. In essence, the collimator consists of two shutters that bound the x-ray beam in lateral and longitudinal directions. The shutters are realized as a system of lead-plates that can be expanded or narrowed, thus controlling the size of the beam. The size of the each shutter opening is controlled by a small permanent-magnet DC motor. The motors are equipped with gearboxes and coupled to the mechanical system that move the lead-plates. In addition, the shutter opening can be controlled manually by two knobs also coupled to the mechanical system. The shutter openings are measured by two potentiometers. From a control-engineering point of view, the collimator can be understood as two independent potentiometer positioning servo systems with DC motors as actuators.

In this paper, we discuss the new version of the collimator controller replacing the existing one. The collimator controller is a part of overall radiology device control system. The whole control system is redesigned using state of the art technology, namely, modern PLC replaces more than 150 relays used in old device. Section II describes collimator control system in some detail, emphasizing the benefits in comparison with old controller. Section III describes GUI used for calibration and tuning of the collimator control system.  Section IV deals with the custom protocol developed for communication between PLC and the collimator contro​ller. The conclusion is given in Section V.

2.
Controller Requirements and Hardware Solution

Beside medical diagnostic reasons, technically speaking, the collimator openings depend on two parameters: the source to image distance (SID), and the selected cassette format. SID parameter is defined as the distance between the source of the x-rays and the image plane, Fig 1. For this particular device SID can take one of three different values, 115, 130 and 150 cm, as required by diagnostic procedure. The cassette format is mainly determined by the size of the organ subjected to diag​nostic procedure. The radiology device can accept thir​teen different cassette formats. It should be noted that some cas​se​tte formats allow subdivision, i.e. more than one radiology image can be taken at the same film. The permitted sub​divi​sion can be half or quarter depending on the cassette format, and is treated as a new cassette format. Considering cassette format and SID, the shutter openings should be adjusted in such a way that whole cassette area is covered by x-ray beam, as shown in Fig.1 In total, there exist fifty-seven different combinations of collimator openings.
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Fig. 1 Collimator oppening and x-ray image

The previous collimator control system was based on relay technology. Each shutter had associated relays that commanded the motor to widen or narrow the opening, based on potentiometer readings. The reference, given by SID and cassette format, was generated by complex system of refe​rence potentiometers. There are two reference potentiometers for each cassette format, for both lateral and longitudinal axis. The exact reference is chosen by another complex relay system that switches on the desired potentiometers into control loop. The necessary SID adjustment was performed by yet another set of relays that switched the correct reference voltage to the selected reference potentiometer.

The new proposed solution is based on microcontroller, as a versatile embedded control device. The new controller should be capable of reading the voltage from two poten​tio​me​ters, controlling the two DC motors via appropriate PWM signals, storing the reference values in internal EEPROM, scanning the user keyboard, and communicating with higher hierarchical controller- PLC.
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Figure 2: The collimator controller block diagram

The selected microcontroller PIC16F876 [1] meets all of above-mentioned requirements. It is well-known 16-bit micro​​controller with many integrated peripherals: 10-bit A/D converter, PWM generator, USART, 8Kb of program FLASH memory and 256 bytes of user programmable EEPROM.  

Figure 2 depicts collimator controller block diagram, while the controller itself is shown in Fig. 3 Beside micro​controller as a hart of the system, the controller consists of power supply section, two power amplifiers, keyboard inter​face, and two communication subsystems: standard RS-232 interface, and custom designed PLC interface.
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Fig. 3 The controller PCB

The power supply section is realized as DC/DC converter that transforms 24V used in a device as standard voltage level into 5V needed for the microcontroller and accompanying electronics. The power amplifiers are realized by means of LMD18200 [2] integrated DMOS full bridge. This bridge allows PWM signal generated by microcontroller to be applied to the motor. It can sustain currents up to 3A, and possesses other useful features such as current sensing, undervoltage lockout, temperature and overcurrent shutdown. Beside PWM signal, the microcontroller generates two additional control signals: brake and direction, as needed for motor position control

The keyboard interface enables six keys to be connected to the microcontroller in a matrix manner. Four of the keys are used to manually increase or decrease shutter openings, while other two can be associated to a specific function.

The communication interfaces and their method of use are described in the following sections in some detail.

3. 
GUI for controller tuning

The microcontroller is supplied with standard RS232 interface, used for communication with PC. For this purpose, special protocol in a form of the set of configuration commands is defined and implemented in both the micro​controller and PC tuning software. The tuning utility software is designed in order to replace old method of controller tuning. The cumbersome procedure of tuning the reference potentiometers in old controller, which required access to the each reference potentiometer, and manually setting the slider at desired value, is now replaced by software tuning. Each reference value is stored in microcontroller's internal EEPROM, and can be managed within the utility software.

The main window of the utility software is depicted on Fig. 4. Three main parts of the utility application can be observed. In the right-hand side of the window, the collimator control commands are grouped. These commands enable the user to incrementally adjust the shutter openings by pressing the "+" and "-" buttons for each direction, to read the current shutter position, to manually set shutter reference positions, or to invoke specified shutter openings as defined by the selected cassette format. On the lower left-hand side of the window, communication log is displayed as the time history of commands sent to the controller and its responses. 
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Fig. 4 Snapshot of the calibration GUI

The substantial portion of the utility application window at the upper left-hand side is devoted to shutter openings reference definition. Each row of the table represents one cassette format, while SID values are assigned to the columns. Each cell in the table contains two numbers, shown in hexadecimal format, that represent the reference values of the shutter openings for a given cassette format and SID. This table can be uploaded from, or downloaded to the controller. 

The tuning procedure is performed by the user in the following manner. User selects one cell from the table, than adjusts the shutter openings by using commands on the right-hand side of the window. Once the openings are adjusted, user stores the values into the table, and continues with the next cell. The new reference values can be downloaded to the controller instantly, as they are defined, or the whole table can be downloaded at the end of the tuning procedure. In this way, new tuning procedure requires minimum manual intervention of the user, in opposite to the old controller. In addition, the table containing the reference values can be saved to the hard disk, and later loaded from it. It is expected that in the batch production of the collimators, the reference values for the collimator openings would be similar, if not the same, so only minor changes would be required. In that case, one saved reference table can be used as a starting point for each collimator, with some fine-tuning as needed. This would additionally shorten the tuning procedure that is already considerably faster and easier than old one.

4. 
PLC to Controller Communication Protocol

The collimator controller is just a part of the radiology device overall control system. It can be assumed that collima​tor controller is at lower level of control hierarchy, since it takes commands from the PLC acting as the higher-level controller. In order to PLC and collimator controller success​fully communicate, both of them should "speak the same language", i.e. they need to have common communication facilities.

The PLC used as overall controller possesses the PROFIBUS/MPI [3] interface and support. The PROFIBUS/MPI interface at the physical level is RS-485 differential, half-duplex serial interface, with transfer rates ranging from 1.5 up to 12 bps. At the network level, the protocol details are hidden from the general public. Additionally, PLC can be equipped with communication modules that support RS-232 and/or RS-485 interface, and can be directly programmed under user control.

On the other hand, most of the modern microcontrollers are supplied with some kind of the USART, that can be transformed into RS-232 or RS-485 interface. However, the serial baud rates that can be achieved are by far less than required by PROFIBUS/MPI. This fact, as well as unknown network protocol details, prohibits the direct connection of the collimator controller to the PLC.

The PLC to collimator controller communication is not intensive one so it can be treated as simple command issuing. Rather than using additional, very costly, PLC communi​ca​ti​on module, the special custom interface is designed, and the communication protocol is implemented. 

For this purpose, already available, simple PLC digital input and output lines are used. Three digital outputs are used to send the command to the collimator controller, while one digital input is used to get the response. On the collimator controller side, optocouplers are used for both isolation purposes and adjustments of the signal voltage levels. The custom communication protocol is shown on figure 5.

It is assumed that command issued by the master PLC is one byte long index of the required predefined collimator opening. Command issuing is separated into two phases. 

The first phase, the transfer of the command byte, is presented by fig.5.a. The following scenario describes this phase: Falling  edge of the clock activates data lines. Data lines hold their state until next falling edge of the clock occurs. Rising edge of the clock is used to trigger the microcontroller’s interrupt to latch and shift data lines state into local command buffer. After four clock line cycles this phase is completed. Valid state of the system requires response line of the collimator controller to be at the high level at the end of this phase.

The second phase of the command issuing process is waiting for the response line of the collimator controller to become low. This transition indicates that the command is executed i.e. required opening is achieved and the system is waiting for a new command. Length of this phase is not strictly defined but it is limited by predefined timeout period, as it is shown on figure 5.b. If this phase exceeds imposed timeout period, issued command is considered rejected.  
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Fig. 5 Custom communication interface – a) communication protocol b) time-out system and c) PLC –collimator controller connection   diagram

Clock half-cycle is chosen to be 20 – 30ms in order to prevent frequent interruption of the PLC main program execution. Although it may seam that this long clock period makes the communication very slow, the duration of the command cycle is dominantly determined by the second phase, due the mechanical motion that should be performed. 

All together, the proposed protocol enables collimator controller to successfully communicate with hierarchically higher control level..

Conclusion

The solution proposed in this paper represents new approach for collimator control and calibration. It is flexible, reliable and, most of all, inexpensive solution, with drastically reduced manufacturing and tuning time. Big advantage of this approach is its ability to cooperate with wide variety of high-level controllers (PLC or PC) via implemented communicati​on interfaces. Collimator controller is tested on the radiology device and it has shown excellent performance. As such, it has entered serial production. 
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