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ABSTRACT 

Scanned focussed ultrasound has been extensively used as a modality to induce hyperthermia 

for cancer treatment. A major area of research involves determining optimal methods for scan

ning the ultrasound focus in the tumor. For this research, two new scanning patterns have been 

designed and implemented in software. The first scanning pattern developed was the circular scan 

which made use of the rotate and tilt axes of the transducer gantry in an attempt to solve the 

problem of beam overlap during scanning. The second pattern developed was the yawed octagonal 

scan which provided more flexibility in scanning tumors of different sizes and orientations. Sec

ondly, the commercial gantry movement control unit being used at the University of Arizona was 

replaced with a more compact functional unit and interfaced to a personal computer with a highly 

user friendly interface for performing the ultrasound scanning routines to induce hyperthermia in 

tumors. 
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CHAPTER 1 

Introduction 

1.1 A historical perspective 

In the past, research involving hyperthermia as a modality for cancer treatment used simple 

heating methods such as water bath immersion, single applicator microwaves or radio frequency. 

Strohbehn and Douple [1] have given an excellent overview of hyperthermia as a method for the 

treatment of cancer from an engineer's perspective. The limitations of these earlier techniques 

became evident and investigations into other techniques to induce hyperthermia in cancerous tis

sue were made. Some of these techniques which are currently being investigated are magnetic 

induction[2, 3, 4], multiple aperture microwaves [4, 5, 6], resonant helical coils [6, 7, 8], ferromag

netic implants [3, 9], and ultrasound [10, 11, 12]. Each technique has associated with it certain 

advantages and disadvantages which are different for different techniques. The technique for using 

scanned focussed ultrasound waves to induce liyperthermia in cancerous tissue was first introduced 

by Dr. P. P. Lele in 1975 [10]. Since then, considerable investigation has been carried out to de

termine optimal methods of heating cancerous tissue using scanned focussed ultrasound. Methods 

of focussing ultrasound rays include concave transducers, lenses and mirrors. Scanning of the 

ultrasound focus has been accomplished either electrically or mechanically. 

In electrical scanning, the ultrasonic focus of an array of ultrasound transducers is moved 

throughout a treatment volume by electronically controlling the directions of the ultrasound 
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beams. In mechanical scanning, a focussed, ultrasound transducer is moved throughout the treat

ment volume by mechanical means using stepper motors and the neccesary hardware and software. 

This type of mechanical scanning has been used by Hynynen and Roemer [13, 14] and Anhalt [16], 

at the University of Arizona, to control the motion of the ultrasound focus (or foci, when using 

multiple transducers which do not share a common focal point). 

1.1.1 Background 

At the University of Arizona, the scanned focussed ultrasound system utilizes a commercial 

water bath ultrasonic B-scanner(Octoson,Ausonics, Australia) which has been modified to become 

a hyperthermia device. A set of four focused therapy transducers have been added to the imaging 

transducer gantry, which is immersed in a water bath. The foci of the four beams are overlapping 

in the imaging plane,although each beam can be independently oriented. Each transducer is driven 

by separate amplifiers; thus any number of transducers can be on and at a desired power level. In 

addition, different transducers can be independently mounted on the gantry for special treatments. 

The whole transducer gantry can be moved in five degrees of freedom(x,y,z,rotaie,iilt) by stepper 

motor control. The control of the stepper motor can be switched between manual and automatic. 

Automatic control is used to generate a desired scanning pattern of the ultrasound focus by 

way of programming the motion of the stepper motors. Automatic control of the stepper motor 

motion has been achieved by interfacing computers to the Octoson control unit [16]. Currently, a 

concentric octagonal scanning pattern of the ultrasound focus is being used in patient treatments 
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1.2 Scope of this study 

1.2.1 Scanning patterns 

One of the most important issues in planning a hyperthermia treatment using a scanned fo-

cussed ultrasound system is the kind of scanning pattern used. The primary aim of this study 

was to develop new scanning patterns of the ultrasound focus which could be used in patient 

treatments. In the octagonal scanning pattern, only the x and the y axes of the transducer gantry 

were being utilized. In this study, a new scanning path has been designed which makes use of 

the rotate and the Hit axes. Also, modifications and improvements were made to the octagonal 

scanning path such that the octagonal path can be oriented at any arbitrary yaw angle in the 

x-y plane. A user-friendly interface between the scanning computer and the operator was also 

designed taking into consideration important human factors, viz., 

• Ease of operation for the treatment planner/operator 

• Patient pain or discomfort during treatment. 

Chapter 3 of this thesis describes the software development process for the scanning paths and 

also discusses the advantages of using the rotate and till axes in scanning. It also describes the 

user interface development process. Actual traces of the scans have also been included. 

1.2.2 Hardware modifications 

Some important modifications were made to the existing hardware. The old OCTOSON unit 

was a microprocessor based positioning control and imaging system. The old unit was modified [16] 

to become a scanning device for ultrasound hyperthermia treatments at the University of Arizona. 

The old unit took up a considerable amount of space in the treatment room and contained imaging 

hardware which was not being used in hyperthermia treatments. A new control unit was designed 
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LIST OF EQUIPMENT 

Hewlett Packard Vectra 386 PC 
Hewlett Packard Model 9836 Desktop Computer 

Hewlett Packard, Model 3497 data aquisition system 

Hewlett Packard, Model 3456 digital voltmeter 

URI Therm-X, Model L-500 power amplifiers 

Anaheim automation, Programmable stepper motor indexers 
Models 1397 and 1408 

Parts from Octoson ultrasound B-scanner 
manufactured by Ausonics Ltd., Australia 

Table 1.1: List of equipment used in hyperthermia treatments 

which included only the neccesary movement control/gantry position display functions and the 

programmable stepper motor indexer interface between the scanning computer and the stepper 

motors for automatic scanning. A faster scanning computer was interfaced to the control unit and 

again, ease of operation was considered in designing a hand-held potentiometer box for manually 

positioning the gantry. Table 1.1 is a list of the equipment used and Figure 1.1 is an overall block 

diagram of the system. 

Chapter 2 describes the hardware development process and also serves to be a complete docu

mentation of all the hardware features of the system. 

Chapter 3 discusses in detail the scanning patterns developed in this work and the scanning 

algorithms implemented in software. 

Chapter 4 is a description of the user interface developed for executing the hyperthermia 

treatments and discusses the treatment planning options available from the user interface. 

Chapter 5 is a discussion of the results obtained for the scanning patterns and also discusses 

possible directions for further research. 
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CHAPTER 2 

Control system description 

2.1 Introduction 

This chapter describes in detail the principle of operation and hardware development process for 

the gantry movement controller. All the hardware features of the system have been documented 

in the form of circuit diagrams and interconnection tables for each interface card. A circuit 

description has been provided for each interface card in the controller. Figure '2.1 gives an overview 

of the hardware components of the gantry movement controller. 

2.1.1 Principle of Operation 

The movement system provides five degrees of freedom for positioning the transducer gantry 

in the water bath; three translational directions(x,y and z) and two rotational directions(rotate 

and tilt). The motion of the transducer gantry along each direction is provided by a stepper 

motor. It was the function of the control hardware to provide a measured number of pulses 

to each stepper motor so that the gantry could attain a new position in the water bath. Also, 

each position of the gantry in the water bath was to be associated uniquely with a set of five 

numbers(one for each axis) which had to be displayed on the control unit. Referring to Figure 2.1 

the positioning circuitry is a closed feedback loop consisting of a comparator, voltage controlled 

oscillators, Schmitt triggers, pulse division circuits, pulse counting circuits and a digital-to-analog 

conversion circuit which closes the loop at the comparator. This feedback loop is repeated for 
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each axis of motion of the gantry. The gantry position is controlled with five potentiometers which 

have been mounted on a hand-held unit. Each potentiometer voltage is the reference input to the 

comparator circuit. The comparator compares the potentiometer voltage and the output voltage 

of the digital-to-analog converter. Depending upon a positive or a negative voltage difference, one 

of the voltage controlled oscillator circuits (there is a separate VCO circuit for upward motion 

and downward motion along each axis) is activated and sends out pulses of a fixed frequency. 

These pulses are buffered and sent out to drive the appropriate stepper motor in a particular 

direction(either clockwise or anticlockwise). This in turn moves the gantry along the specified 

axis in a specified sense(up or down along the axis). Each of the circuit blocks is described in the 

subsequent sections. 

2.2 Description of the functional circuit blocks 

2.2.1 Digital-to-Analog conversion 

The old OCTOSON system was a INTEL 8085 microprocessor based system. Among the 

various functions which the microprocessor executed, the only one which was neccesary to be 

retained and emulated in the new control unit, shown in Figure 1.1, was the digital-to-analog 

conversion function. In the old system, the microprocessor sent out control signals to the pulse 

division circuit for each axis to count the number of pulses. It then output a digital word to a 

digital-to-analog converter in the old unit. Ilence the microprocessor served as a pulse counter, 

coordinating and counting pulses on all five axes. It was thought that one could emulate this 

function of the microprocessor by using separate sets of counters for each axis. The digital-to-

analog conversion circuit for each axis is shown in Figure 2.2. 

There are three cascaded binary counters which are driven by the UP and DN lines. These lines 

are the lines on which the pulse division circuit outputs the divided pulses for each axis. There 
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is also a LOAD signal which loads the counters with a preset binary word which is the equivalent 

of 200. The function of the LOAD signal is explained in Subsection 2.2.6 which describes the 

operation of the counter reset and gantry positioning circuitry. The digital-to-analog converter 

used is a MAXIM 10 bit Digital-to-Analog Converter. A voltage reference of -20V was provided 

for the DAC. The generation of this voltage reference was made by using the circuit described in 

Figure 2.3. 

A precision potentiometer was put at the reference voltage input of the DAC so that the 

reference voltage could be varied to adjust the sensitivity of the hand-held potentiometers,i.e., 

how many turns would be required on a potentiometer to cover the full range of motion of the 

gantry along a given axis. The output of the DAC is the analog voltage value which is fed to the 

sample-and-hold input of the comparator. The DAC reference voltage for all axes was fixed at 

-18V. 

2.2.2 Gantry position display circuit 

The gantry position display circuit for each axis is shown in Figure 2.4. 

This circuit consists of cascaded decade counters which are driven by the UP and DN lines. 

The output of these counters is fed to three seven segment decoders(one each for the units, tens 

and hundreds places) which drive the corresponding seven segment displays through a 330 ohm 

resistor bank. 

2.2.3 Comparator,Oscillator and Pulse division circuits 

The Comparator and Oscillator circuits comprise the analog circuitry which was retained from 

the old OCTOSON control unit. As mentioned earlier, the comparator circuit compares the 

potentiometer voltage and the voltage at the sample-and-hold input(wliich is the output of the 

DAC). If the potentiometer voltage is greater than the output of the DAC, then the VCO for 
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UP oscillations is triggered. Similarly, if the potentiometer voltage is less than the DAC output 

voltage then the VCO for DOWN(DN) oscillations is triggered. The UP and DN oscillations are 

shaped into a digital waveform with TTL levels using Schmitt triggers. This digital waveform has 

a fixed frequency which is different for the five axes. The digital pulses are bufiered(see Figure 

2.4) and sent to the stepper motor on the appropriate line(UP or DN pulses). Also, the same 

pulses are given to the pulse division circuit which divides the pulses by a certain number for each 

axis. This is the number of pulses required to move the gantry by one millimeter on the x,y,z 

axes or one.degree on the rotate and tilt axes, so that a precision of one millimeter or one degree 

in position is obtained. The divided UP or DN pulses are then fed to the DAC circuit and the 

position display circuit as mentioned earlier. The pulse division factors for the five axes are as 

follows: 

• X-axis: 16 pulses/mm 

• Y-axis: 34 pulses/mm 

• Z-axis: 70 pulses/mm 

• R-axis: 34 pulses/deg 

• T-axis: 70 pulses/deg 

It was necessary in the case of the x and y axes to divide the pulses by a factor of 2 to retain the 

above ratios. The pulse division circuit is shown in Figure 2.5. 

2.2.4 Limit Switch Transceiver card 

The gantry system in the water bath has upper and lower limits of movement for each of the five 

axes. The limit transceiver card sends a tone of a certain frequency to all the hard limit switches 

in the gantry system. Whenever a hard limit is reached, the limit switch closes and sends the same 
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tone back to the corresponding limit switch transceiver on the card. This transceiver then sets low 

its output line which is AND-ed with the corresponding oscillator pulses. The oscillator pulses 

are thus prevented from moving the gantry further in that direction. The output of the limit 

transceivers is also fed to the reset logic card whose function has been explained in the section on 

the reset logic. 

2.2.5 Anaheim interface card 

For automatic movement control of the gantry system, the Anaheim indexers [16] have been 

interfaced with a Hewlett-Packard 80386 based PC. The interfacing details are described in Sub

section 2.3.1. The Anaheim interface card provides the interface between the pulses sent out to the 

motors from the manual positioning system described earlier, and the programmable pulses sent 

out by the Anaheim indexers. For each axis, the Anaheim indexer unit has a CLOCK signal and a 

DIRECTION signal. These signals are decoded into UP and DN signals as required by the control 

circuitry, on the interface card. There is also a TTL signal coming directly from the computer to 

this interface card. This TTL signal switches control of the gantry movement between the manual 

system and the computer. The TTL signal, and the CLOCK and DIRECTION signals are all 

software programmable from the Hewlett-Packard PC.The circuit of the Anaheim interface card 

is shown in Figure 2.6. 

2.2.6 Reset logic card 

The control system described above has no way of determining the relative position of the 

mechanical gantry with respect to the set of lower limits on all the five axes. All the control 

system does is send out the appropriate pulses if it senses a difference in voltage at a comparator 

or if the Anaheim indexers have taken control of the pulsing and have instructed a particular 

axis to move. In addition these pulses(divided) drive the position display counters for each axis. 



25 

OCTOSON UP PULSES 

DIRECTION CONTROL TO.MOTOR 
DRIVERS 

OCTOSON DN PULSES 

TO MOTOR 
DRIVERS 

PROGRAMMABLE 
PULSE TRAIN 

TTL CONTROL LINE 

Figure 2.6: Anaheim interface circuit 



•26 

When the system is powered on, the voltage on the five potentiometer wipers(which go to the 

respective comparators) are all random within a range. The gantry position is also random within 

a certain range. Also at power on, all the counters are loaded with some preset binary value 

and count up or down from that value. This preset binary value is also converted to analog by 

the DAC and fed to the other input of the comparator. Depending upon the voltage difference, 

appropriate pulses are sent out and the counter counts up or down. At the same time the gantry 

moves along the corresponding axis. Hence, there would never be a one to one correspondence 

between the position of the gantry and the reading on the position display. The reset logic card 

was designed to overcome this problem. The circuit of the reset logic card is shown in Figure '2.1. 

The reset logic card has a free running multivibrator whose output is a square wave with TTL 

levels. The duty cycle of the wave and its frquency are adjustable. There is also a JK flip flop 

whose output state is controlled by using the CLOCK and CLEAR input. The state of the JK 

flip flop determines whether the astable multivibrator pulses get through to the array of NAND 

and AND gates shown in the figure. Whenever the system is powered on, the operator is expected 

to press the reset button on the control panel. This reset button is directly connected to the SET 

input of the flip flop which sets the flip flop and enables the multivibrator pulses to get through 

to the NAND gates. The idea is to use these pulses on a button reset, to drive the gantry to 

its lower limit on all five axes. When all the low limits are reached, the flip flop is reset so that 

the pulses from the multivibrator no longer pass through. This means that the regular UP pulses 

are precluded from driving the counters and the motors while the multivibrator pulses drive the 

gantry to the lower limits. Thus, the OR gates shown in the figure are neccesary to preclude UP 

pulses during the reset cycle. Because all the lower limits are not attained at the same time, it is 

neccesary to NAND the multivibrator pulses with the corresponding lower limit line, which when 

set stops further pulsing. Also, it is possible that regular DN pulses as well as the multivibrator 

pulses are present at the same time during the reset cycle. This is allowable in the reset cycle 
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since both pulses drive the gantry towards its lower limits. As mentioned earlier, when all the 

lower limits are reached, the flip flop is cleared, and the same signal which clears the flip flop is 

used to preset the counters to a zero value. In the implementation of the controller, an ofFset of 

200 was used for all counters as the binary equivalent had to fit in the range of analog voltages on 

the wipers for each axis. Thus the lower limit position on all axes corresponded to the value 200. 

Once the counters are reset, they all count up until the voltage difference at the comparators is 

nominally zero. The gantry moves the corresponding distance. Thus, a one to one correspondence 

between the gantry position and the display is achieved. 

2.3 Interface connection description 

The mapping of the functional circuit blocks onto the actual cards in the control unit is de

scribed in this section. The interconnections between the cards is also explained with the help of 

interconnection tables. Following is a list of all the cards housed in the control unit: 

1. Card 130-029 from the Octoson system: X,Y analog circuits and digital circuits for X. 

2. Card 130-021 from the Octoson system: Digital logic for Y,Z axes. 

3. Card 130-022 from the Octoson system: Digital logic for R,T axes. 

4. Card 130-027 from the Octoson system: Analog circuit for the R,T,Z axes. 

5. Card 130-036 from the Octoson system: Limit transceiver card for all axes. 

6. Anaheim indexer to system interface card. 

7. X axis DAC/Position display card. 

8. Y axis DAC/Position display card. 

9. R axis DAC/Position display card. 
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10. T axis DAC/Position display card. 

11. Z axis DAC/Position display card. 

12. Reset logic card. 

13. Card for 330 ohm resistor bank and resistor divider network for manual position control 

potentiometers. 

14. LED display unit. 

Cards 1 through 5 are taken from the old OCTOSON system. These cards provide the comparator, 

VCO and pulse division circuits for all five axes. Card 5 is the limit transceiver card as described 

earlier in Subsection 2.2.4. Some pinout changes to card 1 and card 2 are documented in Appendix 

A. These five cards and the Anaheim indexer interface card are housed in the upper row of the 

card cage in the control unit. Card 1 has the analog circuitry for the x and y axes and also the 

digital pulse division circuitry for the x axis. Card 4 contains the analog circuitry for the r,t,z 

axes. The pulse division circuitry for the y,z axes is on card 2 and for the r,i axes, on card 3. The 

pinout of the Anaheim interface card is given in [16]. The motor pulses from all the axes pass 

through this card. In this card either the motor pulses from the manual control or the decoded 

Anaheim pulses are chosen to pass through to the pulse division circuits for each axis. Cards 

7 through 11 are housed in the lower row of the card cage and contain on them, the circuits of 

Figures 2.2,2.4 and 2.5. The reset logic of Figure 2.7 is on card 12 which is also in the lower row 

in the card cage. Cards 7 through 11 have identical pinouts since they serve the same function for 

each axis and the circuits on the cards are identical. Card 13 houses the 330 ohm resistor bank 

and the resistor divider network for obtaining the variable voltage required for the potentiometer 

wiper input of each of the five comparator circuits. The circuit schematic of the divider network 

is identical to the network in the old OCTOSON unit. The 330 ohm resistor bank is used for 

attenuating the amount of current flowing into each LED segment. Card 14 is the display unit 
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card mounted on the front panel. The list of power supplies used is in Appendix A. The control 

unit has four 25-pin connectors: 

• A: Motor pulses output cable 

• B: Hand-held potentiometers cable 

• C: Gantry limits cable 

• D: Hewlett Packard 9836 computer interface cable 

For a listing of the HP interface lines, refer to [16]. The pin connections of the D-type 25-pin 

connectors for the limits cable and the motor pulses cable are identical to the old OCTOSON unit. 

The pin connections of the 25-pin connector for the hand held potentiometer unit are described 

in Appendix A. 

2.3.1 Computer interfaces 

The control unit has been interfaced with two computers. One is a Hewlett-Packard 9836 

computer and the other is an 80386 processor based Hewlett-Packard VECTRA PC. Both com

puters are used for scanning the tranducer focus. The way automatic control is implemented by 

the two computers is different. The Hewlett-Packard 9836 computer sends out a programmable 

voltage to the comparator circuit input of the x,y,r,z axes, thus playing the role of the hand-held 

potentiometers. The t direction is not controlled because there are only four channels available 

from the HP. To send out the appropriate voltages, the HP computer reads the voltage(through 

a data acquisition unit) at the other input of the comparator circuit. Programming, calibration 

and other hardware details are privided in [16]. The hand held potentiometers are switched out 

of the comparator inputs for the above four axes using a relay controlled by a TTL signal from 

the HP. 
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The Hewlett-Packard PC automates control through the Anaheim stepper motor indexers. The 

PC-Anaheim interface is a standard RS-232 protocol. The PC has a 9 pin RS-232 cable , so a 

9-to-25 pin converter was neccesary. The parameters of the RS-232 link are as follows: 

• Baud rate : 2400 

• Stop bits : 2 

• Parity bits : None 

For details of this interface and the programming language for the Anaheim indexers, see [16] as 

well as Chapter 3 of this thesis. 

2.3.2 DAC circuit/LED display circuit card interface 

As mentioned earlier, cards 7 through 11 have identical pinouts and contain the circuits of 

Figures 2.2, 2.4,and 2.5. These pinouts have been documented in Tables 2.1,2.2 ,2.3,2.4,2.5. The 

UP OSC IN and DN OSC IN lines in each of the five cards represent the motor pulses coming in 

to be buffered before being actually sent out on the corresponding OUT lines. The LOAD signal 

is the reset signal which comes from the reset logic card at the end of the reset cycle. The LOAD 

signal resets the counters. The UP and DN PULSE signals are the divided motor pulses which 

come from the corresponding pulse division circuit. The SAMPLE AND HOLD output line goes 

to the input of the corresponding comparator circuit where it is compared with the hand held 

potentiometer voltage. Pins 6 through 46 (even numbers only) are the lines going to the segments 

of the LED display. 

2.3.3 Reset logic card 

Table 2.6 gives the pinouts for the reset logic card. The SET input comes from the switch 

mounted on the side panel of the unit. This is a manual switch. The LOAD output goes to the 



PIN LINE DESCRIPTION 

3 + 15V with respect to common at -10V 

5 -15V with respect to common at -10V 

7 COMMON at -10V 
9 -20V reference voltage 

11 -10V reference from Pin 11 of Y axis DAC/Display card 
17 XUP OSC IN from pin 5 of reset logic card 
19 XUP OSC OUT to motor pulses D-type connector pin 11 
23 XDN OSC IN from pin 20 of reset logic card 
25 XDN OSC OUT to motor pulses D-type connector pin 12 

31 LOAD signal from pin 8 of reset logic card 

35 X UP PULSES from pin 13 of card 130-029 
41 X DN PULSES from pin 29 of card 130-029 
56 +Vcc = 5V 

2 GROUND 
47 +12V 
43 -12V 
37 +15V 

48 SAMPLE AND HOLD output to pin 64 of card 130-029 

6 segment al of LSB of X display 

8 segment bl of LSB of X display 
10 segment cl of LSB of X display 
12 segment dl of LSB of X display 

14 segment el of LSB of X display 

16 segment fl of LSB of X display 

18 segment gl of LSB of X display 

20 segment a2 of middle bit of X display 

22 segment b2 of middle bit of X display 

24 segment c2 of middle bit of X display 

26 segment d2 of middle bit of X display 

28 segment e2 of middle bit of X display 
30 segment f2 of middle bit of X display 

32 segment g2 of middle bit of X display 

34 segment a3 of MSB of X display 

36 segment b3 of MSB of X display 

38 segment c3 of MSB of X display 
40 segment d3 of MSB of X display 

42 segment e3 of MSB of X display 

44 segment f3 of MSB of X display 

46 segment g3 of MSB of X display 

Table 2.1: Pinout of DAC/display card for X-axis 



PIN LINE DESCRIPTION 

11 -10V reference 

9 -20V reference from X axis DAC/Display card 
17 YUP OSC IN from pin 7 of reset logic card 
19 YUP OSC OUT to motor pulses D-type connector pin 14 
23 YDN OSC IN from pin 22 of reset logic card 
25 YDN OSC OUT to motor pulses D-type connector pin 15 
31 LOAD signal from pin 8 of reset logic card 
35 Y UP PULSES from pin 60 of card 130-021 
41 Y DN PULSES from pin 62 of card 130-021 
56 +Vcc = 5V 

2 GROUND 
47 +12V 

43 -12V 

37 +15V 

48 SAMPLE AND HOLD output to pin 7 of card 130-029 

6 segment al of LSB of Y display 

8 segment bl of LSB of Y display 
10 segment cl of LSB of Y display 
12 segment dl of LSB of Y display 
14 segment el of LSB of Y display 
16 segment fl of LSB of Y display 
18 segment gl of LSB of Y display 

20 segment a2 of middle bit of Y display 
22 segment b2 of middle bit of Y display 

24 segment c2 of middle bit of Y display 

26 segment d2 of middle bit of Y display 

28 segment e2 of middle bit of Y display 

30 segment f2 of middle bit of Y display 

32 segment g2 of middle bit of Y display 

34 segment a3 of MSB of Y display 
36 segment b3 of MSB of Y display 
38 segment c3 of MSB of Y display 

40 segment d3 of MSB of Y display 
42 segment e3 of MSB of Y display 
44 segment f3 of MSB of Y display 

46 segment g3 of MSB of Y display 

Table 2.2: Pinout of DAC/display card for Y-axis 



PIN LINE DESCRIPTION 

9 -20V reference from X axis DAC/display card 
17 RUP OSC IN from pin 9 of reset logic card 
19 RUP OSC OUT to motor pulses D-type connector pin 1 
23 RDN OSC IN from pin 24 of reset logic card 
25 RDN OSC OUT to motor pulses D-type connector pin 2 

31 LOAD signal from pin 8 of reset logic card 
35 R UP PULSES from pin 66 of card 130-022 
41 R DN PULSES from pin 68 of card 130-022 
56 +Vcc = 5V 

2 GROUND 
47 +12V 
43 -12V 
37 +15V 

48 SAMPLE AND HOLD output to pin 65 of card 130-027 

6 segment al of LSB of R display 

8 segment bl of LSB of R display 

10 segment cl of LSB of R display 
12 segment dl of LSB of R display 
14 segment el of LSB of R display 
16 segment fl of LSB of R display 
18 segment gl of LSB of R display 

20 segment a2 of middle bit of R display 

22 segment b2 of middle bit of R display 
24 segment c2 of middle bit of R display 

26 segment d2 of middle bit of R display 

28 segment e2 of middle bit of R display 

30 segment f2 of middle bit of R display 

32 segment g2 of middle bit of R display 

34 segment a3 of MSB of R display 

36 segment b3 of MSB of R display 

38 segment c3 of MSB of R display 

40 segment d3 of MSB of R display 

42 segment e3 of MSB of R display 
44 segment f3 of MSB of R display 
46 segment g3 of MSB of R display 

Table 2.3: Pinout of DAC/display card for R-axis 



PIN LINE DESCRIPTION 

9 -20V reference from X axis DAC/display card 

17 TUP OSC IN from pin 11 of reset logic card 

19 TUP OSC OUT to motor pulses D-type connector pin 8 

23 TDN OSC IN from pin 26 of reset logic card 

25 TDN OSC OUT to motor pulses D-type connector pin 9 

31 LOAD signal from pin 8 of reset logic card 

35 T UP PULSES from pin 60 of card 130-022 

41 T DN PULSES from pin 62 of card 130-022 

56 +Vcc = 5V 

2 GROUND 

47 +12V 

43 -12V 
37 +15V 

48 SAMPLE AND HOLD output to pin 27 of card 130-027 

6 segment al of LSB of T display 

8 segment bl of LSB of T display 

10 segment cl of LSB of T display 

12 segment dl of LSB of T display 

14 segment el of LSB of T display 

16 segment fl of LSB of T display 

18 segment gl of LSB of T display 

20 segment a2 of middle bit of T display 

22 segment b2 of middle bit of T display 

24 segment c2 of middle bit of T display 

26 segment d2 of middle bit of T display 

28 segment e2 of middle bit of T display 

30 segment f2 of middle bit of T display 

32 segment g2 of middle bit of T display 

34 segment a3 of MSB of T display 

36 segment b3 of MSB of T display 

38 segment c3 of MSB of T display 

40 segment d3 of MSB of T display 

42 segment e3 of MSB of T display 

44 segment f3 of MSB of T display 

46 segment g3 of MSB of T display 

Table 2.4: Pinout of DAC/display card for T-axis 



PIN LINE DESCRIPTION 

9 -20V reference from X axis DAC/display card 
17 ZUP OSC IN from pin 13 of reset logic card 
19 ZUP OSC OUT to motor pulses D-type connector pin 18 
23 ZDN OSC IN from pin 28 of reset logic card 

25 ZDN OSC OUT to motor pulses D-type connector pin 19 

31 LOAD signal from pin 8 of reset logic card 

35 Z UP PULSES from pin 58 of card 130-021 

41 Z DN PULSES from pin 68 of card 130-021 

56 +Vcc = 5V 

2 GROUND 
47 + 12V 

43 -12V 

37 +15V 

48 SAMPLE AND HOLD output to pin 7 of card 130-027 

6 segment al of LSB of Z display 

8 segment bl of LSB of Z display 

10 segment cl of LSB of Z display 

12 segment dl of LSB of Z display 

14 segment el of LSB of Z display 

16 segment fl of LSB of Z display 

18 segment gl of LSB of Z display 

20 segment a2 of middle bit of Z display 

22 segment b2 of middle bit of Z display 
24 segment c2 of middle bit of Z display 

26 segment d2 of middle bit of Z display 

28 segment e2 of middle bit of Z display 

30 segment f2 of middle bit of Z display 

32 segment g2 of middle bit of Z display 

34 segment a3 of MSB of Z display 

36 segment b3 of MSB of Z display 

38 segment c3 of MSB of Z display 

40 segment d3 of MSB of Z display 

42 segment e3 of MSB of Z display 

44 segment f3 of MSB of Z display 

46 segment g3 of MSB of Z display 

Table 2.5: Pinout of DAC/display card for Z-axis 
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LOAD inputs of all the counters on all axes. The UP and DN motor pulses from all the axes 

are involved in the logic and pass through this card before they get to the cards described in the 

previous subsection. The LIMIT lines come directly from the limit transceiver card. 

2.4 System reliability and calibration tests 

Tests were performed individually on the x, y and z axes to check the positioning reliability of 

the control system. A similar test was also performed on the tilt axis. For the individual tests on 

the x, y and z axes, the following procedure was adopted: The gantry was kept at the lower limit 

on the remaining four axes. For example, if the x axis was under study, the remaining four axes 

y,r,z,t were kept at their respective lower limits. The position of the focus(the convergence point of 

the red laser beams) on the x axis was measured with a ruler. The power was then switched off and 

again switched on. A reset was provided when the power was turned on. The gantry then moved 

to the lower limit on the y,z,r,t axes, and for the x axis, the gantry came to rest at nominally the 

sam? point as it was beforet  the power off-on-reset sequence. The difference between the x position 
t 

before and after the test sequence was measured with a ruler for 25 randomly chosen x positions. 

Tests identical to the one described above were performed for the y and r axes. Table 2.7 indicates 

the position deviations on the x, y, z axes tested individually by the above procedure. On each 

individual axis, position was found to be repeatable within a millimeter, after a power on cycle. 

For the tilt axis, the following test was performed to test the position repeatability of the focus 

after a power off-on-reset sequence: The gantry was maintained at the lower limit on the x, y, z 

axes and the rotate axis was kept at zero degrees(lower limit). The tilt axis was maintained so that 

the gantry was perfectly horizontal. This was checked with a spirit level. The power ofT-on-reset 

sequence was now carried out. After the gantry came back to its position before the test, the 

levelness of the gantry was checked again with a spirit level and the displacement of the focus was 

measured along the x axis. This was repeated for eight trials. Table 2.8 summarizes the results 



PIN LINE DESCRIPTION 

56 +Vcc = 5V 

2 GROUND 

6 SET INPUT from reset switch on side panel 

8 LOAD OUTPUT to pin 31 of DAC/Display cards for X,Y,R,T,Z axes 

10 X DN IN from pin 58 of 130-029 

12 Y DN IN from pin 33 of 130-021 
14 R DN IN from pin 57 of 130-022 
16 T DN IN from pin 59 of 130-022 

18 Z DN IN from pin 36 of 130-021 

20 X DN OUT to pin 23 of X dac/display card 

22 Y DN OUT to pin 23 of Y dac/display card 

24 R DN OUT to pin 23 of R dac/display card 
26 T DN OUT to pin 23 of T dac/display card 

28 Z DN OUT to pin 23 of Z dac/display card 

40 X UP IN from pin 54 of 130-029 
42 Y UP IN from pin 31 of 130-021 
44 R UP IN from pin 63 of 130-022 

46 T UP IN from pin 29 of 130-022 

48 Z UP IN from pin 13 of 130-021 

5 X UP OUT to pin 17 of X dac/display card 

7 Y UP OUT to pin 17 of Y dac/display card 
9 R UP OUT to pin 17 of R dac/display card 

11 T UP OUT to pin 17 of T dac/display card 

13 Z UP OUT to pin 17 of Z dac/display card 

30 X DN LIMIT from pin 52 of 130-036 
32 Y DN LIMIT from pin 58 of 130-036 

34 R DN LIMIT from pin 30 of 130-036 

36 T DN LIMIT from pin 24 of 130-036 

38 Z DN LIMIT from pin 8 of 130-036 

Table 2.6: Pinout of reset logic card 
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TRIAL DISPLACEMENT ON AXES in mm. 
X Y z 

1 0 0 0 
2 0 1 0 
3 0 0 0 
4 0 0 0 
5 1 0 0 
6 0 0 0 
7 0 0 1 
8 0 0 0 
9 -1 0 0 

10 0 1 0 
11 0 0 0 

• 12 0 0 0 
13 0 0 0 
14 0 0 0 
15 0 0 0 
16 1 -1 1 
17 0 0 0 
18 0 0 0 
19 0 0 1 
20 0 0 0 
21 0 0 0 
22 0 0 0 
23 1 0 0 
24 0 0 0 
25 0 0 0 

Table 2.7: Displacement in mm from previous position due to Power On/Off sequences(Precision: 
1mm) 
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TRIAL ROTATION (deg.) DISPLACEMENT ON AXES in deg. 

R T 
1 0 0 -1 
2 0 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 0 0 -1 
7 0 0 0 
8 0 0 0 

Table 2.8: Tilt displacement in degrees due to Power On/Off sequences(Precision: 1 deg.) 

of the tests. The motion of the focal point when the gantry is moved along the tilt axis is studied 

in detail in Chapter 3, which describes the development of the circular and octagonal scanning 

patterns. Specifically, the circular scanning pattern makes use of the tilt axis for scanning. Figure 

3.3 clearly explains the relative motion of the focus with respect to the motion of the gantry along 

the tilt axis. The displacement of the focus has been measured in millimeters and this has been 

converted to degrees of displacement along the tilt axis using Table 3.1. It should be noted that 

these measurements are not perfectly accurate and have a precision of only a millimeter. Also, 

the measurement on the rotate axis was only approximate. 

Another set of tests almost identical to the tests described above were carried out to test only 

the reset sequence. The only difference was that the system was only given a reset cycle instead 

of the power off-on-reset cycle. These results are tabulated in Tables 2.9 and 2.10. 
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TRIAL DISPLACEMENT ON AXES in mm 
X Y z 

1 0 0 0 
2 1 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 0 0 0 
7 0 0 1 

8 0 0 0 
9 1 0 0 
10 0 1 0 

11 0 0 0 
12 0 0 0 
13 0 0 0 
14 0 0 0 
15 0 0 0 
16 0 1 1 
17 0 0 0 
18 -1 0 0 
19 0 0 1 
20 0 0 0 
21 0 0 0 

22 0 0 0 
23 1 0 0 
24 0 0 0 

25 0 0 0 

Table 2.9: Displacement in mm from previous position due to reinitialization sequences(Prccision: 

1mm) 

TRIAL ROTATION(deg) DISPLACEMENT ON AXES in deg 

R T 

1 0 0 -1 

2 0 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 

6 0 0 -1 
7 0 0 0 
8 0 0 0 

Table 2.10: Displacement in deg from previous position due to reinitialization sequences(Precision: 
1 deg.) 
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CHAPTER 3 

Scanning patterns in ultrasound hyperthermia 

3.1 Introduction 

A very important aspect of a hyperthermia treatment plan is the geometrical scanning pattern 

used for scanning the ultrasound focus in the tumor volume. Earlier animal experiments have 

shown that the scanning pattern required to obtain a uniform temperature distribution in the 

whole scanned volume depends on the tissue perfusion rate. The size of the scan has a significant 

effect on the resulting temperature distribution, particularly when deep seated tumors are heated. 

When the transducer is scanned with a single beam oriented normal to the surface, the ratio of 

the surface area covered by the scan to the target area decreases with increasing scan size. Below 

some threshold for this ratio, the ultrasound power delivered to the target area falls below the 

power losses due to attenuation in the tissue, resulting in insufficient or no heating of the target 

area. Another disadvantage of this type of scanning is that during scanning, some parts of the 

beam are at all times passing through tissue along the central axis as shown in Figure 3.1. This 

causes significant energy deposition in that tissue region which is mainly in front of the focus, and 

could result in the patient experiencing pain. A way to avoid the problem is to tilt and rotate 

the tranducer in such a manner that the beam is not overlapping with the scan axis as shown in 

Figure 3.1. 

In this work, an attempt was made to develop suitable scanning patterns using the lilt and 

rotate axes of the gantry so that the transducer beam could be tilted along the path and thus 
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Figure 3.1: The beam overlap and how it can be avoided 
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over-heating could be avoided. Before this work was accomplished only one scanning pattern was 

being used for the purposes of sonication and treatment:the octagonal scanning pattern in the 

X-Y plane. This pattern was flexible only in terms of the size of the scan in the x and y plane. 

It was one of the goals of this work to improve the flexibility of the octagonal scanning pattern, 

by specifying along with the dimensions, an angle of yaw in the X-Y plane. This would result 

in rotating the octagon through the specified yaw angle, clockwise. Thus a tumor oriented at 

an arbitrary angle could be treated. Also, a suitable user interface was to be developed so that 

sufficient flexibility could be achieved in treatment planning as well as speed and ease of operation 

of the system. The user interface will be described in more detail in Chapter 4. 

3.2 A brief review of equipment 

The software for the scanning pattern was developed in the Microsoft QuickBasic environment. 

As mentioned in Chapter 2, the scanning computer installed was a Hewlett-Packard 80386 based 

machine. For the data aquisition and control needs, D/A , A/D and Digital I/O cards were 

installed along with their associated driver software. To develop a usable scanning pattern, the 

following information was sent to or from the computer. 

• Serial data on the RS-232 line for Anaheim indexers link 

• TTL(Digital O/P) line for computer control of control unit 

• Five digital input lines for reading feedback potentiometer voltages 

• Four digital output lines for switching URI Amplifiers on/off 

The actual ports and lines used are documented in Appendix A. For the user interface, a higher 

version(7.0) of QuickBasic was used. The reason for this was that the menu and window utility 

procedures were compatible only with the higher version. The lower version of QuickBasic(6.0) in 

which the scanning patterns were developed did not support the user interface toolbox procedures. 
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The general scanning algorithm for any scan path is shown in Figure 3.2. 

The computer first takes control of the control unit by switching the TTL control line high. 

This enables the Anaheim pulses to go to the motors. The acceleration, deceleration, base rate, 

rate factor parameters(which have been previously computed) for each axis in use are then sent out 

on the serial communication port. After this communication, scanning is started by switching the 

amplifiers on and by putting out the sequence of moves on the axes to the Anaheims in an endless 

cycle only to be terminated with an event like the press of a key. Information in a move consists 

of the direction of motion on a particular axis, the maximum rate on the move, and the number 

of steps that the stepper motor has to move in order to move a certain specified distance. All the 

above information can be programmed into the string of ASCII characters that the Anaheims can 

interpret. Details on Anaheim programming are available in [16]. During the endless scanning 

loop, the position of the gantry is read by reading the voltages on the feed back potentiometers 

for the five axes. The actual position is compared with what the position should be at that point 

during the scan. If a difference of more than 3 mm is detected, then the loop is exited with an 

error condition. Once the loop is exited, computer control is relinquished, the power is switched 

off, and control returns to the user interface program. 

3.3 The circular scan using tilt and rotate axes 

A scanning pattern was developed which moved the ultrasound focus in a circular path. To 

develop this pattern, the rotate and tilt axes were used. Along the rotate axis, the maximum 

rotation which can be given to the gantry is 200 degrees. Referring to Figure 3.3, it can be seen 

that when the gantry is given a negative or a positive tilt, the focus moves along an arc whose 

radius is the distance 'ba' where the point b is the fulcrum of the tilt motion. When the angle on 

the rotate axis is zero degrees, the focus traces this arc along the y axis. When the angle along 

the rotate axis is 90 degrees, the focus traces this arc along the x axis. This arc motion has been 
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WITH FEEDBACK POTS.( THE 
GANTRY SHOULD REACH THE 
NEXT POSITION WITHIN A 
CERTAIN AMOUNT OF TIME. IF 
IT DOES NOT, THE SOFTWARE 
TIMES OUT AND A GANTRY SLIP 
IS INDICATED ) 

SWITCH AMPLIFIERS ON/OFF; 
SEND «OF STEPS,SPEED, AND 

CHECK TRUE GANTRY POSITION 
WITH FEEDBACK POTS.( THE 
GANTRY SHOULD REACH THE 
NEXT POSITION WITHIN A 
CERTAIN AMOUNT OF TIME. IF 
IT DOES NOT, THE SOFTWARE 
TIMES OUT AND A GANTRY SLIP 
IS INDICATED ) 

INVOLVED IN MOVE 

CHECK TRUE GANTRY POSITION 
WITH FEEDBACK POTS.( THE 
GANTRY SHOULD REACH THE 
NEXT POSITION WITHIN A 
CERTAIN AMOUNT OF TIME. IF 
IT DOES NOT, THE SOFTWARE 
TIMES OUT AND A GANTRY SLIP 
IS INDICATED ) 

DID THE 
GANTRY X 
SLIP ON THI 
MOVE? 

WAS A KEY 
PRESSED ON THE 

KEYBOARD? ^ 

SWITCH APMPLIFIERS OFF 
STOP SCANNING; 
TTL CONTROL LINE LOW 

DISPLAY POSITION ERROR 
CONDITION. 

A 

LOAD AND RUN 
MENU PROGRAM 

Figure 3.2: General scanning algorithm for any scan 
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TILT ANGLE(deg) LINEAR DISPLACEMENT along y axis(mm) 

-5 15 
-10 30 
-15 45 

5 -15 
10 -30 
15 -45 

Table 3.1: Focal displacement for different tilt angles along the y axis(rotate = zero degrees) 

approximated by a linear motion for small positive or negative angles of tilt and the approximate 

linear displacement of the focus for small tilt angles, along the y axis(when the angle on the rotate 

axis is zero degrees), is shown in Table 3.1. 

From the results tabulated in Table 3.1, a linear relationship between the amount of tilt and 

the displacement of the focus was established. The relationship is: 

s = r • 0 

where s is the focal displacement, 0 is the tilt angle and r is the radius of the arc motion which 

was determined experimentally from the results in Table 3.1 to be 17.15cm. 

To get a circular scanning path of the focus with a specified radius, the gantry is moved in the 

following sequence: 

1. Start with rotate = 0 and gantry perfectly horizontal. 

2. Tilt positive by a certain angle 0  to move focus along the y(-t-ve) axis in order to get the 

desired radius of the scan circle. 

3. Rotate positive for 180 degrees. 

4. Tilt negative by —'2 • 0  so that the focus moves to the opposite end of the diameter. 

5. Rotate negative for 180 degrees. 

6. Tilt positive by +'2 • 0 .  
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+ (incr) along x-axis 
- (deer) along y-axls 

—»-Z-axis 

- (deer) along x-axis 
+ (Incr) along y-axis 

fo^iu 
focal plane 

of tilt axis 

transducer plane 

(< 227 on position display) 

ab - 17.15cms 

ac - 23.5cms 

cd • 24cms 

+ tilt 
(> 227 on position display) 

tilt motion 

note: focus moves along y axis due to change in tilt when the angle on the 
rotate axis is zero(200 on display) 

focus moves along x axis due to change in tilt when the angle on the 
rotate axis is 90 degrees(290 on display) 

Figure 3.3: Focal motion with tilt 
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7. Go to Step 3. 

If the above step sequence is followed, the focus traces out opposite semicircles in the horizontal 

focal plane in steps 3 and 5, giving a full circular path. In steps 4 and 6, the gantry moves along 

the y axis and this motion cannot be included as part of the circular path. Thus the ultrasonic 

transducers have to be switched off when the gantry is executing steps 4 and 6. Due to this, the 

sonication is interrupted for approximately one second after every semicircle of the scan path. 

The precise duration of interruption would depend upon the diameter of the scan. It was found 

that when the angle on the rotate axis is zero, and there is no tilt, i.e., gantry is horizontal, the 

focal point is not coincident with the ; axis in the focal plane, but is offset from the ; axis by 

some small distance. This was experimentally proved by the following procedure: The gantry 

was kept horizontal(tilt = 0 deg.) and the change in the x-y coordinates of the focal point was 

observed for increasing angles of rotation on the rotate axis. The initial x-y coordinates of the 

focus (at rotate = 0 deg.), were arbitrarily fixed at (0,0)(origin). Referring to Figure 3.4, it was 

observed that the focal point moved in a path approximated by the straight line segments in the 

figure. The points in the figure indicate the x-y coordinates of the focal point relative to the 

frame of reference fixed above, at different angles on the rotate axis. Angles of rotation as large 

as 180 degrees were considered, as shown in the figure. Since the rotate axis was being used in 

the circular scan, it became neccesary to compensate for this error motion of the focus in the 

circular scan. This was done by splitting the rotation of 180 degrees(in steps 3 and 5) into two 

rotations of 90 degrees. In each rotation of 90 degrees, a small compensatory motion was applied 

along the x and y axes. The amount of compensation was estimated using Figure 3.4 and the 

timing of the x and y compensation was synchronised with the time taken by the gantry to rotate 

90 degrees. Later, in the software development process, the compensation amounts were finally 

fixed by trial and error but they are very close to those estimated from Figure 3.4. Actual traces 

of the scanning pattern were made and are shown in Figures 3.5,3.6,3.7, 3.8 and 3.9. The traces 
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DIAMETER(mm) CYCLE TIME(sec) 

20 11.45 

30 11.63 
40 11.78 

50 12.48 

60 12.62 
70 12.65 
80 12.71 

Table 3.2: Circular scan times for different diameters 

were made for different diameters for the same maximum angular velocity possible on the rotate 

axis. The power was switched off during the straight line segments of the scan. The angular 

velocity of the focal point of the transducers was fixed for the maximum possible on this gantry 

and was determined experimentally at 44.11 degrees/second. The angular velocity was kept at 

this maximum value irrespective of the diameter of the scan. Table 3.2 gives the times required by 

the ultrasound focus to complete one full circle of the scan for different scan circle diameters. The 

average time for one cycle is about 12.5 seconds. Before using this scan for patient treatments, it 

is absolutely imperative that the gantry is perfectly horizontal at the start of each treatment. The 

levelness of the gantry should be checked iL>ith a spirit level. As the reinitialization tests in Chapter 

2 have shown, there is a possibility of error in the tilt position due to reinitialization sequences. 

Therefore, to be absolutely sure, the levelness of the gantry should be checked and adjusted prior 

to each treatment. 

3.4 The yawed octagonal scan 

Another scanning pattern designed was the octagon with an arbitrary yaw angle in the x-y plane. 

This was an improvement over the octagonal pattern used by Anhalt [16]. This octagon offers 

considerably more flexibility in the scanning of tumors which are elongated along an arbitrary 

direction with respect to the gantry x-y coordinates. The scan was designed by specifying the 



X-AXIS 

(DECREASING) 

(-7,-1) at 157 deg. on rotate axis 

(-7.5,-2.5 
at 180 deg. 
on rotate axis 112 deg. on rotate axis 

(-3,3) at 67 deg. on rotate axis 

(-0.5,1) at 22 deg. on rotate axis 

Y-AXIS 

+ (INCREASING) 
(0,0) at 0 deg. on rotate axis 

(DECREASING) 

(DECREASING) 

COORDINATES SPECIFIED AS 
(X,Y) AT A GIVEN ANGLE ON THE 
ROTATE AXIS. 

ROTATE ROTATE ANGLE IN DEGREES 
X,Y DISPLACEMENTS IN MM. 

+ (INCREASING) 

+ (INCREASING) 

Figure 3.4: Locus of focal point on gantry rotation due to offset from Z axis 
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Figure 3.5: Circular scan of diameter 40mm 

Figure 3.6: Circular scan of diameter 50mm 
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Figure 3.7: Circular scan of diameter 60mm 



AX inch. 

YlMtfk 

Figure 3.8: Circular scan of diameter 70mm 
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trtcft. 

Figure 3.9 Circular scan of diameter 80mm 



FIGURE ACTUAL TRACE X-S1ZE Y-S1ZE YAW ANGLE SCANNING SPEED 

3.11 3.12 50mm 50mm 0 deg 40mm/s 
3.13 3.14 60mm 20mm 22 deg 40mm/s 

3.15 3.16 30mm 70mm 45 deg 40mm/s 

Table 3.3: Dimensions,tilts and speeds of octagonal traces 

dimensions along the x-y axes and providing a rotational coordinate transformation for all the 

vertex points of the octagon as shown in Figure 3.10. The coordinate transformation equations 

are as follows: 

A'neu) = A' • cos(0) + Y • sin(0) 

Ynew = — Ar • sin(0) + Y • cos(0). 

The speed of travel 011 all segments of the octagon was to be a constant. The above equations 

were also used to calculate the speeds along each segment of the octagon. As illustrative examples, 

three octagons with different dimensions and yaw angles as specified in Table 3.3 were considered. 

These octagonal paths before and after the coordinate transformations specified by the yaw angle, 

are shown in Figures 3.11a,b, 3.13a,b and 3.15a,b. Actual traces of the scan were taken by fixing 

a pencil to the gantry, with the tip of the pencil coincident with the focal point. A piece of paper 

was pasted to a glass board and was kept face down so that the pencil tip touched the paper. 

Due to this, the actual trace appears inverted 011 the y axis. This is illustrated in Figures 3.11c, 

3.13c and 3.15c. Actual traces of the three example scans are shown in Figures 3.12, 3.14 and 

3.16, respectively. 

The scan times of the yawed octagon scan would depend upon the size of the scan and the speed 

at which scanning is executed. The allowable speed range is lOmm/s to 50mm/s. The minimum 

size without noticeable distortion was 10mm on either axis. Various possible combinations of the 

parameters listed in Table 3.3 could be specified by the treatment planner. 
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octagonal scan with 
* +45 degrees yaw specified 

S. 

Y SIZE SPECIFIED 

Figure 3.10: Coordinate transformation for given yaw angle 
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Y increasing 

X increasing 

a) Scan before transformation 

Y increasing 

i' X increasing 

b) Scan after transformation with 0 degree yaw 

Y increasing 

X increasing 

Dimensions before 
transformation: 
X-size: 50 mm 
Y-size : 50 mm 

Yaw: 0 degrees 

c) How actual trace would look due to inversion of Y axis 

Figure 3.11: Transformation with 0 degree yaw 
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YlNCREAfttNGi 

Figure 3.12: Octagonal scan with zero degree tilt 
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Y increasing 

X increasing 

a) Scan before transformation 

Y increasing 

X increasing 

b) Scan after transformation of +22 degrees 

Y increasing 

Dimensions before 
transformation : 
X-size : 60 mm 
Y-size : 20 mm 

Yaw: 22 degrees 

X increasing 

c) How actual trace would look due to inversion of Y axis 

Figure 3.13: Transformation with 22 degree yaw 
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' 

/ Y increasing ^ 

\ / 

' X increasing 

/ \ 

a) Scan before transformation 

Y increasing 

Y increasing 

X increasing 

b) Scan after transformation with +45 deg. yaw 

Dimensions before 
transformation: 
X-size: 30 mm 
Y-size: 70 mm 

Yaw: +45 degrees 

X increasing 

c) How actual trace would look due to inversion of Y axis 

Figure 3.15: Transformation with 45 degree yaw 



INCJtfeA&INfi 

Figure 3.16: Octagonal scan with +45 degree tilt 
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CHAPTER 4 

User Interface Description 

4.1 Introduction 

For patient treatment planning, a good user interface was neccesary for the execution of the 

scanning routines. One factor that was considered important was the ability to combine two 

different scan paths into one routine with various parameters of each scan tailored for the particular 

patient treatment. Another important factor was the speed with which the operator could switch 

between two different scanning patterns or change the parameters of a scan and return to scanning 

without much heat loss during the switching time. The third factor considered in designing the 

user interface was the overall ease of operation of the scanning package. For this reason a mouse 

driven user interface was found to be the most suitable for making changes to default data on the 

screen. The overall organization of the software package is shown in Figure 4.1. 

The user interface program USERMENU.EXE compiled in the BASIC 7.0 environment accesses 

two data files, CIRCLES.DAT and OCTAGONS.DAT, which contain the default parameters of 

the circular scanning plan and the yawed octagon scanning plan, respectively. Both scanning 

plans have been described below. The default parameters from these files are displayed on the 

screens corresponding to the two plans. The user can then change the default parameters to suit 

the specific patient t reatment and can immediately start scanning. To start the scanning, the user 

interface program invokes one of the scanning routines, CIRCOCT.EXE or ROTOCTA.EXE, 

which were compiled in the BASIC 6.0 environment. Due to version incompatibility, the user 



DATAFILE FOR 
CIRCULAR SCAN 
(CIRCLES.DAT) 

DATAFILE FOR 
YAWED OCTAGONS 
(OCTAGONS.DAT) 

CIRCULAR SCANNING ROUTINE 
(CIRCOCT.EXE) 
COMPILED IN BASIC 6.0 

USER INTERFACE PROGRAM 
(USERMENU.EXE) 
COMPILED IN BASIC 7.0 

YAWED OCTAGONS SCANNING 
ROUTINE. 
(ROTOCTA.EXE) 
COMPILED IN BASIC 6.0 

USERMENU.EXE,CIRCLES.DAT AND OCTAGONS.DAT ARE IN DIRECTORY C:\BC7\BIN 

SOURCE CODE FOR USER INTERFACE PROGRAM IS IN FILE C:\BC7\USERMENU.BAS 

CIRCOCT.EXE AND ROTOCTA.EXE ARE IN DIRECTORY C:\QB 

SOURCE CODES FOR SCANNING ROUTINES ARE IN FILES C:\QB\ABHIJIT\CIRCOCT.BAS AND 

C:\QB\ABHIJIT\ROTOCTA.BAS 

Figure 4.1: Overall software organization 



66 

interface program and the scanning routines could not be chained together in the main memory 

of the PC. Instead, only one program could reside in the main memory at a given time. When 

the user supplies a keyboard interrupt the scanning is stopped and the user interface program is 

again loaded in the memory and executed. The flowchart for the user interface program is shown 

in Figure 4.2. 

4.2 The circular scanning plan 

In this plan, the treatment planner is given the option of having two concentric circular scanning 

patterns along with a inner octagonal scanning pattern. The octagon diameter is always smaller 

than the circle diameters. The planner can exclude any of the three patterns by specifying the 

number of cycles executed for that pattern to be zero. The speed of the inner octagon can be 

specified in the range iOmm/s to 50mm/s. The sizes of the three scans in terms of diameter are 

also specified by the planner. Figure 4.3 shows the layout of the interface window for t.he circular 

scan. Figure 4.4 shows the flowchart of the scanning program once the neccesary parameters have 

been set by the user and the user has commanded the system to start scanning. 

4.3 The yawed octagons scanning plan 

The screen for specifying the parameters for the yawed octagon scanning plan is shown in Figure 

4.5. A maximum of three octagons can be chosen for scanning. The yaw angle for all octagons 

included must be the same. The speed of scanning can be specified by the user. The sizes of the 

three yawed octagons are specified in terms of the X-axis and Y-axis dimensions before a rotational 

transformation is applied to the scan path.The flowchart for the actual scanning routine is shown 

in Figure 4.6. 



Figure 4.2: Flowchart for mouse driven user interface program 
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CIRCULAR SCAN TREATMENT WINDOW 

SCAN1 SCAN 2 INNER OCTAGON 

DIAMETER 
in mm. 

DIAMETER 
in mm. 

X-YSIZE 
in mm. 

CYCLES CYCLES CYCLES 

SPEED OF INNER OCTAGON in mm/s 

START SCANNING < > MAIN MENU < > 

Figure 4.3: User interface window for circular scan specifications 
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READ SCANNING PARAMETERS 
FROM CIRCLES . DAT 

COMPUTE TILT ANGLES AND AX*! J 
OTHER PARAMETERS FROM DATA 

TTL CONTROL LINE HIGH 
POWER ON AMPLIFIERS . 

CYCLES FOR 
SCAN 1 — O? 

PERFORM SCAN X FOR SPECIFIED 
NUMBER OF CYCLES 

NO 

PERFORM SCAN 2 FOR SPECIFIED 
NUMBER OF CYCLES 

CYCLES FOR 
SCAN 2 — O? 

NO 

PERFORM INNER OCTAGON FOR 
SPECIFIED NUMBER OF CYCLES CYCLES FOR ̂  

INNER OCTAGQJ 
\ - 0? 

NO 

NO 
WAS A KEY 
PRESSED? 

YES 

POWER OFF TO AMPLIFIERS 
TTL CONTROL LINE LOW. 

RETURN TO USER INTERFACE 
PROGRAM AT POINT A 

Figure 4.4: Flowchart for circular scan program 
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YAWED OCTAGON TREATMENT PLAN 

SCAN 1 SCAN 2 SCAN 3 

X-SIZE 
in mm. 

X-SIZE 
in mm. 

X-SIZE 
in mm. 

Y_SIZE 
in mm. 

Y_SIZE 
in mm. 

Y SIZE 
in mm. 

CYCLES CYCLES CYCLES 

YAW ANGLE 
in degrees 

SCANNING SPEED 
in mm/s 

START SCANNING < > MAIN MENU < > 

Figure 4.5: User interface window for octagonal scan specifications 
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READ SCANNING PARAMETER DATA 
FROM OCTAGONS . DAT 

COMPUTE COORDINATES OF 
VERTICES OF YAWED OCTAGON 
AND SPEED ON EACH SEGMENT 

TTL CONTROL LINE HIGH; 
POWER ON AMPLIFIERS. 

CYCLES FOR 
SCAN X — O? 

PERFORM SCAN 1 FOR SPECIFIEC 
NUMBER OF CYCLES 

NO 

YES 
PERFORM SCAN 2 FOR SPECIFIED 
NUMBER OF CYCLES ^CYCLES FOR 

0? 

NO 

PERFORM SCAN 3 FOR SPECIFIED 
NUMBER OF CYCLES 

CYCLES FORS 
S C A N  3 * 0 ?  

NO 

NO 
WAS A KEY 
PRESSED? 

YES 

POWER OFF TO AMPLIFIERS 
TTL CONTROL LINE LOW. 

RETURN TO USER INTERFACE 
PROGRAM AT POINT A 

Figure 4.6: Flowchart for octagonal scan program 
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CHAPTER 5 

Discussion and Conclusion 

5.1 Hardware 

The hardware control unit developed has been tested with several patient treatments and has 

been found to operate satisfactorily. Nevertheless, some design improvements could be made. The 

DACs in the system require a non-standard voltage reference of -20V. This is a consequence of 

DAC output glitching. The output of the DACS show a large glitch at the major carry transition, 

i.e., when the digital input word changes from '1000000000' to '0111111111'. This happens on 

the X, Y and Z axes when the counters are counting down. At present, the problem has been 

overcome by dividing the count pulses further by two, before they clock the counters, so that the 

counters never have to go through a major carry transition on any of the above mentioned axes. 

Because the pulses are now clocked at only half the rate, the voltage reference on the DACs had to 

be double the value neccesary for normal operation, to maintain the same volts/mm on each axis. 

The DAC glitching problem is a common problem with CMOS DACS, and usually it is neccesary 

to filter out the high energy glitch with a fifth order low pass filter. Another possible solution to 

the problem is to put a sample and hold at the output of the DAC and sample the signal only 

when the DAC output has stabilized after a transition. This operation would involve delaying the 

counter clocking pulses by about 1 microsecond, and using them to clock the sample and hold. 
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5.2 Scanning Patterns 

In this work an attempt has been made to develop better scanning patterns for scanned fo-

cussed ultrasound hyperthermia. Also a much more compact movement control unit was designed 

and interfaced to a powerful PC providing more flexibility in the planning of treatments and a 

very user friendly interface. The movement control system has been used extensively for the pa

tient treatments and the scanning patterns have been tested on an experimental basis. In vivo 

experiments had not been performed at the time of writing this thesis. The circular scanning 

pattern which makes use of the rotate and till axes of the gantry, could not eliminate the problem 

of beam overlap due to the mechanical limitations of the gantry movement system. Referring to 

Figure 3.3, we observe that the fulcrum of the tilt axis(point b) is below the focal plane. Because 

of this, a tilt given to the gantry in one direction causes the focal point to swing in the opposite 

direction. When the gantry is tilted and then rotated during the execution of the circular scan, 

the semi-circle traced out is on the opposite side of the scan axis(the z axis). This would result 

in the beam tracing the other semi-circle overlapping with this beam in front of the focal plane. 

Thus beam overlap would still be present and would cause high temperatures in that region. The 

solution to this problem is to have the tilt and rotate combination trace out a semi-circle on the 

same side of the scan axis to eliminate beam overlap. This can be done by changing the position 

of the fulcrum(point b) to being above the focal plane so that when the gantry is tilted, the focus 

moves in the same direction as that of the tilt. This will require mechanical modifications to the 

gantry. The program developed for the circular scan can then be used with some minor modifica

tions, to effect a circular scan on the mechanically modified gantry. With reference to Figure 3.3, 

it means that point a has to be betow point b. This can be achieved by shortening the legs of the 

gantry(distance cd). It can be seen from the figure that if the distance cd is made zero, i.e., the 

legs are completely cut off, the point a(the focal plane) will be approximately 7 cm. below point 
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b(fulcrum). This distance(7 cms.) would now be the new value of r in the equation 

s = r • 0, 

where s is the specified radius of the circular scan and 6 is the angle of tilt. The distance ab can 

be further increased by reducing the vertical distance of the focal plane from the transducers, i.e., 

distance ac. With a distance ab of 7 cm., the maximum radius s attainable is given by the above 

equation to be approximately 1.8 cm. This means that the diameter of the largest scan possible 

is 3.6 cm. Diameters larger than this are often neccesary in treatments. Consequently, distance 

ab should be further increased by shortening distance ac, as mentioned above. If distance ab is 

increased to 17.15 cm., no modification will be neccesary in the software because in the program 

circoct.bas the value used for distance ab is 17.15 cm, with poii>t a above point L>. If the new 

distance ab is adjusted to a value other than 17.15 cm(with point a below point b), then the 

program has to be modified with the new value in subroutine angcalc. 

The yawed octagonal scanning pattern in expected to be a very effective pattern as it represents 

an obvious improvement over the regular x-y octagon designed by Anhalt [16]. The octagon can 

be oriented at arbitrary yaw angles thus providing more effective heating of tumors oriented at 

arbitrary yaw angles. 

5.3 Human factors considerations 

An important underlying theme of this work has been to account for human factors during 

a patient treatment. The discomfort of the patient for the duration of the treatment was to be 

minimized. This meant that the speed of operation of the system was important. The ease of 

operation of the system was important from the point of view of the person who would eventually 

handle the controls of the system. The mouse driven interface was designed taking these factors 

into consideration while giving sufficient flexibility in treatment planning. The method of using 
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default scanning parameters minimizes the time taken for data entry. Specific parameters can 

be changed as and when neccesary. A good feature of the hardware part of the system is the 

hand-held potentiometer box for manual gantry position control. This allows the operator to 

move about the treatment room at his convenience during the treatment. 

5.4 Further work 

Further work could be in the area of designing new and more efficient scan paths. Scanning 

patterns in three dimensions is one area which has a lot of possibilities. There are other methods 

suggested which avoid the beam overlap problem. Some electrical focusing techniques can be 

used to eliminate the problem [17]. Implementation of multipoint feedback controllers to control 

the power output during the scanning is one method of improving the heating during scanning. 

A combination of an efficient scanning pattern coupled with multipoint feedback control would 

enhance the efficiency of the scan [18]. 
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APPENDIX A 

PIN CONNECTOR DATA AND OTHER TABLES 



PIN DESCRIPTION CONNECTS 

1 point 1 of 5K ohm X-pot from X resistor divider 
2 point 3 of X-pot to X POSITION RETURN 
3 point 2 of X-pot to relay 

4 point 2 of Y-pot to relay 

5 point 3 of Y-pot to Y POSITION RETURN 
6 point 1 of 5K ohm Y-pot from Y resistor divider 
7 point 2 of Y-pot to relay 

8 point 3 of Y-pot to Y POSITION RETURN 
9 point 1 of 5K ohm Y-pot from Y resistor divider 

10 point 1 of 5K ohm T-pot from T resistor divider 

11 point 3 of T-pot to T POSITION RETURN 

12 point 2 of T-pot to relay 

13 point 1 of 5K ohm Z-pot from Z resistor divider 

24 point 2 of Z-pot to Z POSITION RETURN 
25 point 3 of Z-pot to Z POSITION WIPER 

Table A.l: 25 pin potentiometer cable connections 

50 Pin IDC(2801) 25 Pin DB female Name 

1 1 X A/D input Ch 0 
2 25 GND 

3 2 Y A/D input Ch 1 
4 25 GND 
5 3 Z A/D input Ch 2 

6 25 GND 
7 4 R A/D input Ch 3 

8 25 GND 
9 5 T A/D input Ch 4 

10 25 GND 
26 15 D-GND 
31 2 I/O line 0/3 to amp 1 AND gate 

33 2 I/O line 0/4 to amp 2 AND gate 

34 2 I/O line 0/5 to amp 3 AND gate 
35 2 I/O line 0/6 to amp 4 AND gate 

36 2 I/O line 0/7 to power input of AND gate 

Table A.2: Position Feedback voltage measurement and X-ducer switches 
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APPENDIX B 

SYSTEM USAGE MANUAL 

The following procedure is to be followed to operate the scanned focussed ultrasound hyper

thermia system: 

1. Switch ON the power to the stepper motors of the gantry. 

2. Switch ON the power to the feedback potentiometers. 

3. Switch ON the APPLE computer. 

4. Switch ON the IBM PC. 

5. Switch ON the power to the gantry position display panel(on the controller box). 

6. Switch ON the main power switch of the controller unit. 

7. Initiate a position reset cycle on the gantry by momentarily depressing the reset button on 

the controller unit. 

8. While gantry is moving to its limits, switch ON the power to the Anaheim indexers. 

9. On the IBM PC, change to the 'C:/bc7/bin' directory. This directory contains the executable 

code for the user interface program. 

10. Type 'usermenu' at the prompt. This starts the user interface program. 

11. During the user interface program, you can only use the mouse to select items in the menu. 

To select an item, click once with the mouse cursor on the button to be selected. You 
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may click on 'CIRCLES' to select the circular scanning pattern, on 'OCTAGONS' for the 

octagonal scanning pattern or on 'EXIT' to exit from the program. 

12. To change the numerical values in the fields, which are present in either of the scanning 

treatment plan windows(circles or octagons), click once with the mouse cursor on the selected 

field. This will bring the text cursor onto the field. Now you can edit the field. 

13. You may edit more fields, as above. After doing the neccesary editing, you may click on the 

'START' button, which starts the scanning, or on the 'MAIN MENU' button which takes 

you back to the main screen(i.e., the screen in which the user interface program started. 

14. If you have selected 'START', the scanning program will begin. It will allow you to reposition 

the gantry, before scanning actually begins. 

15. Press the 'ENTER' key to start the actual scanning. 

16. To stop the scanning, press the 'ENTER' key. The program will automatically return to the 

main menu screen of the user interface program after scanning has stopped. 

17. If the gantry has slipped during scanning, the scanning will stop automatically and the 

following message will appear on the screen: 'Gantry slipped, press a key to return to main 

menu'. On pressing a key, the program will return to the user interface main menu. 

The following ranges have been set for the various numeric fields in the circular scan treatment 

window and the octagonal scan treatment window. The circular scan treatment window field 

ranges are found in Table B.l. 

The octagonal scan treatment window field ranges are shown in Table B.2. 



FIELD TYPE FIELD RANGE 

Diameter 
Cycles 

Size of inner octagon 
Speed of inner octagon 

O-lOOmm 

0-100 
O-lOOmm 

0-50mm/s 

Table B.l: Ranges for circular scan window fields 

FIELD TYPE FIELD RANGE 

X-Size 

Y-size 

Cycles 
Yaw angle 

Speed of octagons 

0-250mm 

0-300mm 
0-100 

0-360 degrees 

0-50mm/s 

Table B.2: Ranges for octagonal scan window fields 
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