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Constant-Voltage Driver 

A resistance-limited driver, also known as a L/R driver, supplies a high voltage to force 

current through the windings. This design limits the amount of current by supplying an 

external resistor (also called a dropping resistor or ballast resistor) in series (Fig. 4.6). 

The amount of resistance is calculated based on the motor current and voltage rating. 

The addition of an external resistor shortens the time constant  allowing the current to 

reach its maximum value in less time.  

 
Figure 4.6: Winding model of L/R drive with current vs. time (adapted from

 19, 20
). 

 

The drawback of the L/R driver is its inefficiency due to the amount of heat generated by 

the external resistors. As a solution to the power waste, a bilevel driver can be used. 
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This bilevel driver supplies an initial high voltage to enable the current to reach its 

maximum level (IMAX) in a short time. When the appropriate current level is reached, the 

driver turns off the high-voltage supply and switches on the low-voltage supply to 

maintain the rated current (Fig. 4.7). The only drawback with this driver is that it requires 

two voltage supplies.   

 

Figure 4.7: Winding model of bilevel drive with current vs. time (adapted from 
18, 20

). 

 

Constant-Current Driver 

A pulse width modulation (PWM) driver, also known as a chopper driver, provides an 

optimal solution to produce a large torque at high speeds. The PWM driver supplies a 

voltage higher than the rated motor voltage to the windings. This high voltage allows the 

current to rise in less time, and when the current reaches a specific level IMAX, the 

voltage is cut off. After a short time, the voltage is reapplied, and as the current rises to 

its specific level, the voltage is cut off again. Modulating this “on” time and “off” time, an 

average voltage and current is applied to the windings (Fig. 4.8). 

 

Constant-voltage drivers are used in applications where low and moderate speed is 

required. At high speed, constant-voltage drivers loose their efficiency and do not 
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produce enough torque because of the higher inductance value. On the other hand, 

chopper drivers provide high torque at low and high speeds with optimal efficiency. 

Because of its reliability, high efficiency and capability of producing maximum torque at 

both low and high speeds, the chopper driver represents a suitable selection for our 

application. 

 

 

Figure 4.8: PWM drive current and supply voltage vs. time (adapted from 
18

). 

 

Commercially available drivers require either a DC or AC supply. Drivers with a DC 

supply are generally cheaper but necessitate purchasing an additional voltage supply. 

AC-powered drivers include the DC supply voltage and will be given priority during 

selection of the motion-system components.  Often, step and direction pulses from the 

control system provide erroneous pulses due to the noisy electrical environment. To 

prevent this, opto-isolation connections should be considered during stepper-motor 

driver selection.   
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4.1.2 Excitation Methods and Characteristics 

The stator design of a stepper motor is comprised of two or more windings in which 

current is passed to form a magnetic field. Flow of the current through its windings 

generates a magnetic field in the stator of a stepper motor. Changing the current flow 

from one winding to the other produces a necessary change in the magnetic field 

direction. The method used to implement this change in the direction of current flow 

allows classification of the stepper-motor system into unipolar and bipolar 

configurations. 

 

Figure 4.9: Unipolar and bipolar configuration. 
(21)

 

 

Unipolar Configuration 

In the unipolar (or bifilar) configuration, as its name implies, a single (or half) pole of the 

winding is excited at a time causing the rotor to turn by a certain degree (Fig. 4.9a, b). 

The windings of the stepper motor are center tapped and connected to the supply 

voltage. Other terminals of the windings are grounded to have the current flowing in one 
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direction only. At any given instant, the current is flowing through only half the coil of 

each winding depending on which half is grounded. Change of flux direction can be 

achieved by moving the current from one half to the other half of the windings. This 

results in a reversal of the magnetic poles. 

 

A 2-phase stepper motor in the unipolar configuration has 6-lead wires coming out of 

the motor with two individual center-tap wires. Sometimes, these two center-tap wires 

are internally connected to make the stepper motor a 5-lead wire motor. These stepper 

motors are referred to as four-phase if they have four field coils that can be energized 

independently. The current in the unipolar configuration always travels in one-direction 

through the coil.   

 

Bipolar Configuration 

In bipolar (or unifilar) configurations, change in flux direction can be achieved by 

reversing the current through the entire coil by switching the supply voltage (Fig. 4.9c). 

A 2-phase stepper motor in bipolar configuration has 4- or 8-lead wires coming out of 

the motor. 8-lead wire bipolar configurations are available either in series or parallel 

connections (Fig. 4.9e, f).  

 

Unipolar configurations need one or two current switches in the driver design, whereas 

bipolar configurations need four or more current switches to change the direction of the 

current in the windings (Fig. 4.10). This makes the drive circuit of bipolar configurations 

more complex than that of the unipolar configurations. Unipolar configurations use only 
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half of the windings at any given time, reducing the winding inductance. Because only 

half of the winding is used, unipolar configurations do not give enough torque at low 

speeds, but they provide higher torque at higher speeds.  

 

 

Figure 4.10: Current switches in unipolar and bipolar configuration (adapted from
 21

).
 

 

The bipolar-series configuration (Fig. 4.9e) uses the full coil and provides a 40% higher 

low-speed torque than the unipolar configuration. However, the torque at high speed is 

decreased because of higher inductance. Bipolar-parallel configurations (Fig 4.9f) use 

the full coil, hence give good low speed torque. Parallel connection of the windings 

keeps the inductance at a lower value compared to the bipolar-series configuration. This 

helps to provide good high speed torque. (Fig. 4.11) Sometimes stepper motors with 5- 

or 6-lead wires are connected in a bipolar configuration, ignoring the center-tap lead 

wire.  
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Figure 4.11: Torque-speed curve for unipolar and bipolar configurations. 

 

Based on the driver design, stepper motors can be operated in full-step, half-step or 

micro-step configurations. 

 

Full-Step Configuration 

In the full-step configuration, the motor repeatedly moves through its basic step angle to 

complete one revolution (i.e, a 90˚ step motor will need 4 steps to complete one 

revolution). Based on the number of windings excited, full-step configurations can be 

achieved via either a wave-drive or a two-phase drive sequence (Fig. 4.12a, b). In a 

wave-drive sequence only one winding is energized at a time, whereas in a two-phase 

drive sequence two windings are energized at a time. Two-phase drive sequences 

provide higher torque than wave-drive sequences but require twice the power.  

 

Half-Step Configuration 

Half-step configurations can be achieved by alternating wave-drive and two-phase drive 

sequences (Fig. 4.12c). This results in steps that are half the basic step angle to 

complete one revolution (i.e, a 90˚ stepper motor will now need 8 steps to complete one 
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4.2 Control System Selection Guide 

A motion controller acts as the brain of the motion-control system. The motion controller 

is responsible for creating trajectories for the motion path and for supplying step and 

direction signals to the motion system. The selection of the control components is a 

critical part of the motion-control system design. This is because motion components 

can often be changed midway through the design process but the motion controller 

involves software, and changing software means much more than just a part 

replacement.  

 

4.2.1 Motion Controller 

There are basically three types of motion controllers available that can be used for the 

control system: standalone controllers, PC-based controllers and programmable logic 

controllers (PLCs). 

 

Standalone controllers can operate independently of computers. These motion 

controllers are basically programmable microprocessors or digital controllers that store 

motion programs on their non-volatile memory. Standalone controllers are usually 

dedicated to a particular application and require electronic switches or a keypad to 

initiate the program. Standalone controllers are very good at controlling motion but 

make the control system difficult to modify or expand. Standalone controllers are able to 

coordinate up to 16 axes. 

 

PC-based controllers are available as cards that plug into PCs. These controllers can 

also coordinate up to 16 axes and allow the user to modify or expand the system. PC-
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based controllers do not need any electronic switches or keypads to initiate the motion. 

The only drawback with this type of controller is that it requires complex and time-

consuming programming. 

 

PLCs are considered to be the simplest way to control motion. PLCs contain a 

microprocessor that has been preprogrammed to drive output terminals based on the 

signal from the input terminals. PLCs differ from PC-based controls in their way of 

programming. PC-based controllers require the user to do high-level programming; 

while the PLC program is usually developed using specific software that is provided by 

the manufacturer. The user needs to set motion-path parameters and motion 

constrains. PLCs can also coordinate up to 16 axes but are costlier than other available 

controllers.  

 

4.2.2 Motion Controller Selection 

A controller for our motion-control system should be capable of coordinating four axes. 

In the modified CT scanner, translation and rotation motions represent individual 

controller axes. The third axis should be able to generate necessary timing pulses for 

the detector to coordinate data readout with motor movement. The fourth axis could be 

considered for the future implementation of scanner positioning to provide flexibility and 

comfort to the patient. Velocity and travel distance of each motion of the modified CT 

scanner are determined based on the detector specifications and the desired scanning 

protocols. To maintain flexibility and user friendliness, a PC-based controller represents 

a cost-effective solution for this application. 
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LabVIEW (Laboratory Virtual Instrumentation Engineering Workbench) is a graphical 

program development application that interfaces a computer and instruments. The 

advantage of using LabVIEW is that it allows working in block-diagram form and is well 

suited for motion-control applications.  

 

At present, National Instruments is the only manufacturer that provides PC-based 

controllers that can be programmed using LabVIEW. The NI-7334 controller is a low-

cost, PC-based stepper-motor controller that can coordinate four axes at a time. The 

advantage of using this controller is that it can be connected easily to driver MLP08641 

using a screw-terminal connection device (NI UMI-7764). The controller with the 

connection device and cable costs 1,360.00 USD. 

 

4.3 Conclusion 

Motion-control system components were selected so that they fulfill all requirements of 

the modified CT scanner. Figure 4.14 shows the torque-speed curve for stepper motor 

34N214 LW8 with driver MLP08641 in bipolar-parallel configuration. The selected motor 

provides a torque of 680 oz·in at a speed of 200 steps/revolution, which is close to the 

estimated torque requirement. The stepper motor is a double-stacked motor and 

develops a higher torque than other rated motors. The driver MLP08641 is line powered 

with opto-isolation inputs and can provide up to 8 A peak current to the stepper motor. 

This peak current can be controlled by a potentiometer. The resolution of the driver can 
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be controlled using four dual in-line package (DIP) switches, allowing up to 12,800 steps 

per revolution. 

 
 
The selected motion controller can communicate with the drivers via the NI UMI-7764 

device. This device also allows connection of the limit switches, home sensors, and 

emergency stop for each individual driver. The Motion and Control Toolbox of LabVIEW 

provides the software interface for the user to program the motion controller with the 

required motions and can coordinate different axes easily.  

 

The next step is to equip the modified CT scanner with all motion-control system 

components, program the necessary motions, and study the performance limits of the 

motion system.  

  

Figure 4.14: Torque-speed curve for 34N214 motor with MLP08641 driver. 
(22)
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5. MODIFIED CT SCANNER AND MECHANICAL PERFORMACE EVALUATION 

The performance of a motion-control system is directly related to the maximum load it 

can move, without stalling, at a given speed. Manufacturers of various motion 

components measure this to some extent, but only under ideal conditions. However, it is 

important to establish the performance of all components for a specific application under 

actual load. The first section of this chapter looks at the layout of the motion-control 

system in the modified CT scanner. The second section evaluates the performance of 

the motion-control system components after implementing them on the modified CT 

scanner. A LabVIEW-based graphical user interface facilitates programming of the 

various functions of the motion-control system. 

  

5.1 Layout of Modified CT Scanner 

The following section describes the layout of the hardware and software components of 

the motion-control system in the modified CT scanner (Fig. 5.1). 

 

5.1.1 Scanner Hardware 

The motion-controller board NI PCI-7334 is installed in the computer, and a LabVIEW 

GUI is used to program the necessary motions. The universal motion interface-7764 

(UMI) is connected to the motion controller with a 68-pin D-sub connector. This UMI 

allows interfacing up to four drivers to the motion controller and simplifies 
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the connection between the motion system and controller. Each axis of the UMI has a 

motion I/O terminal block to which drivers, limit switches, and home sensor are wired 

(Fig 5.2). An external power supply of +5 VDC is required to operate the UMI. 

 

 
 
Figure 5.1: Block diagram of the modified CT scanner including the motion-control system, home sensors, 
 limit switches, and position sensor. 
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Figure 5.2: UMI motion I/O terminal block. 
(23)

 
 

Two axes of the UMI are connected to the drivers (MLP08641) with a current-sinking 

configuration (Fig 5.3). The drivers (MLP08641) are connected to the stepper motors in 

bipolar-parallel configuration to achieve greater high-speed torque (Fig. 5.4). Timing 

pulses for the detector are also sent from the UMI. These timing pulses are sent through 

transmitter/receiver chips (ISL8491) to reduce environmental noise. These transmitter 

and receiver chips are connected with a twisted pair cable to ensure safe and noise-free 

signal transmission.  

 

Figure 5.3: Current-sinking wiring configuration between the UMI and the MLP08641 driver 
(adapted from

 23, 24
). 
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Figure 5.4: Bipolar-parallel connection between the MLP08641 driver and the 34N214S stepper motor 
(adapted from

 24, 25
). 

 
For the translate motion, the inputs to the UMI from the home sensor and limit switches 

are electrically inverted (Fig. 5.5). The limit switches and home sensor for the translate 

motion are activated by a small metal piece, which glides on the lead-screw assembly. 

Limit switches and the home sensor are connected to the voltage supply (1 in Fig. 5.5) 

in the inactive stage. Upon activation of any limit switch or the home sensor, the 

associated switch connects to ground (2 in Fig. 5.5) changing the input to the UMI axis. 

  

Figure 5.5: Limit switches (TLF and TLR) and home sensor (THS) connection diagram for the translate 

motion. 
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For the rotate motion, a logic circuit receives inputs from the limit switches and 3-bit 

position encoder and enables or disables the limit switches and supplies the output to 

one of the axes of the UMI (Fig. 5.6). The output from the position encoder is also sent 

to the UMI for readout by the computer, which reads the scanner position. Based on the 

information received from the encoder and the home sensor, the position of the gantry 

is set to either at 0˚ or 360˚. In mechanical switches, switch bounce can cause 

unwanted signals. To avoid this, the signals from all limit switches and home sensors 

are pulled up at the input to the inverter 74LS04.  

 

Figure 5.6: Limit switches (RLF and RLR) and home sensor (RHS) connection diagram for the rotate 

motion. 

The large gear of the scanner has been fitted with a small metal bar to activate the 

rotation limit switches and home sensor (Fig. 5.7). The limit switch activation bar covers 

70˚, and the home sensor activation bar covers 14˚ of the total 360˚ of large gear. Two 

small pins are fitted on the large gear, 180˚ apart from each other. These two pins rotate 
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the position encoder shaft by an angle of 36˚ as they pass by the encoder. Each time 

the encoder shaft rotates by the given interval, the digital output of the encoder 

changes. The pattern of outputs provides positional information and helps determine if 

the large gear’s position is beyond 360˚ or below 0˚. This in turn enables the activation 

of the limit switches and the home sensor (Table 5.1). 

 

Figure 5.7: Rear view of the rotation limit switches, home sensor and position encoder with pins and 
activation metal bar at -60˚.  

 
Table 5.1: Truth table for rotation limit switch and home sensor activation. 

Scanner Position 
(degrees) 

3- Bit Position Encoder 
RLF RLR Comment 

B1 B2 B3 

-90˚ 0 0 0 0 1 Activate reverse limit switch 

-60˚ 0 0 0 0 0 Home position sensor active below 360˚ 

-30˚ 1 0 0 0 0 Encoder increment by one step 

+90˚ 1 0 0 1 0 Deactivate forward limit switch 

+150˚ 1 1 0 0 0 Encoder increment by one step 

+270˚ 1 1 0 0 1 Deactivate reverse limit switch 

+300˚ 1 1 0 0 0 
Home position sensor active beyond 
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+330˚ 0 1 0 0 0 Encoder increment by one step 
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5.1.2 Scanner Software 

LabVIEW was used to facilitate programming the motion-control system. The following 

section describes the sequence of basic steps for the control of both translate and 

rotate motions. 

 

Upon power-up of the scanner, the first step in the data collection process is to reset 

positions of both the rotate and translate plates. This is achieved using the home 

sensors and ensures that the information regarding the angular position of the scanner 

is available at the beginning of the first scan. A reverse-forward-reverse approach was 

used to find the home position (Fig. 5.8). In this approach, the scanner initially rotates in 

the reverse direction (forward edge to reverse edge) to search for the home sensor with 

predefined initial search motion-path parameters (Table 5.2). Upon finding the forward 

edge of the home sensor, the scanner decelerates and moves in the opposite direction 

(reverse edge to forward edge) for predefined distance (14˚ in 

  

Home Switch 
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Reverse 
Edge 

Home 
Position 

Starting 
Position 

 1 
 2 

 3 

Figure 5.8: Reverse-forward-reverse approach for reset procedure. 
(26)
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Table 5.2: Motion parameters of reset procedure for the various resolutions. 

Resolution 
(Steps/Revolution) 

Motion-Path Parameters for 
Initial Search Direction 

Motion-Path Parameters for 
Approach Direction 

Velocity (V1) 
(steps/sec) 

Acceleration/ 
Deceleration (AD1) 

(steps/sec
2
) 

Velocity (V2) 
(steps/sec) 

Acceleration/ 
Deceleration (AD2) 

(steps/sec
2
) 

12,800 30,000 30,000 10,000 10,000 

6,400 15,000 15,000 5,000 5,000 

3,200 10,000 10,000 1,000 1,000 

2,000 10,000 10,000 1,000 1,000 

 

  
Figure 5.9: Motion flowchart for resetting the modified CT scanner. 
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rotation and 25 mm in translation) to uncover the home sensor  with same motion-path 

parameters. In the next step, the scanner again rotates in the reverse direction with 

slower motion-path parameters (approach motion-path parameters) until it finds the 

forward edge of the home switch. Position registers for both translate and rotate 

movements are set to zero when the home sensors are activated. Figure 5.9 shows the 

motion flow chart for the reset routine of the modified CT scanner.   

 

At this stage, the user is able to decide whether to use a second- or third-generation 

data collection geometry (Fig. 5.10).  

 

In the translate-rotate data collection geometry, the user provides information about the 

number of data points per projection, the number of projections, scan size, and 

exposure time. Based on the provided information, the controller calculates start 

position, target position, acceleration, and deceleration for both translate and rotate 

motions. Before starting the scan, the user can initiate the preset routine. During this 

stage, the scanner moves the associated plates to the starting position, taking into 

account additional travel needed for acceleration and deceleration. Upon pressing the 

start button, the translate plate scans to acquire one projection. Timing pulses are sent 

to the detector in parallel with this scanning process. After every translation, the rotate 

plate rotates through a rotating angle β, defined by the number of projections specified. 

This process repeats until projections over 180 – β degrees are collected. 
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Figure 5.10: Motion flowchart for the data collection schemes of the modified CT scanner. 

 

In the 3rd generation scanning process, the user provides information about the number 

of projections and exposure time. Before each scan, the rotate plate moves to the 

starting position, again taking into account additional travel needed for acceleration and 

deceleration. Upon starting the scan, the rotate plate performs a smooth rotation. At 
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specified increments based on number of projections, timing pulses are generated and 

sent to the detector. This process continues until the rotate plate has rotated through 

360 + α degrees. The statuses of all limit switches are continuously monitored during 

both translate and rotate modes. Upon activation of any limit switch, all movements are 

immediately suspended.  

 

Timing Pulses to the Detector 

For each projection point (second-generation) or projection (third-generation), the third 

axis of the motion controller sends a timing pulse to the detectors through the UMI. To 

run any stepper motor, the motion controller sends step pulses to the stepper motor 

driver. The frequency of these step pulses can vary according to the motion parameters. 

The same principle is used for the third axis to generate timing pulses for the detector. 

The target position of the third axis is set to the required number of projection points or 

projections. To synchronize the timing pulses with other motor movements, motion 

parameters such as velocity, acceleration, and deceleration are stepped down based on 

the resolution and target position of the rotate or translate motor. Assume, for example, 

a total of 500 projections are required in one full rotation of the scanner. The rotate 

motor needs 360,000 steps to complete one full rotation of the rotate plate if the driver is 

set to a resolution of 2,000 steps/revolution. So, the target position of the rotate motor is 

360,000 steps. The target position of the detector timing is set to 500 and must 

complete when the rotation motor finishes 360,000 steps. Consequently, the rotate 

motor axis and projection axis are related to each other by a factor of 720. Thus, the 

motion parameters for the projection timing axis are stepped down by a factor of 720 

and are synchronized with the rotate motor.  
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5.2 Performance  

5.2.1 Motion-Path Experiment 

Experiments for motion-path parameters (the maximum rotation speed, acceleration, 

and deceleration) of the modified CT scanner were conducted for resolutions ranging 

from 2,000 to 12,800 steps/revolution. All experiments were conducted in the absence 

of limit switches. This allowed rotating the scanner through more than one revolution. 

The scanner was rotated over 1,080˚ to perform these experiments. An additional 

weight of 10 lbs. was added to the scanner to simulate the x-ray tube and power supply 

weights. The motor was supplied with 4 A of constant current through the driver. For 

each resolution setting, the maximum velocity was achieved with a constant 

acceleration and deceleration of 50,000 steps/sec2 (Fig. 5.11). If the velocity was 

increased beyond its maximum value, the motor either stalled or missed steps.  

 
Figure 5.11: Maximum velocity vs. resolution and minimum time for 360˚ rotation vs. resolution with a 

constant acceleration/deceleration of 50,000 steps/second
2
. 
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The velocity curve in Figure 5.11 shows a linear rise in maximum velocity for resolutions 

2,000 to 6,400 steps/revolution. Increasing the resolution to 12,800 steps/revolution 

shows a decrease in maximum velocity from the expected trend. This is because of a 

decrease in torque at higher step frequencies. 

 

Using the values of the maximum achievable velocity as a constant, the maximum 

acceleration/deceleration for each resolution was tested (Fig 5.12). Considering 

maximum velocity and acceleration/deceleration values, the additional rotation path to 

account for acceleration/deceleration can be established (Table 5.2). The plot of 

distance vs. time can be obtained using the results of Table. 5.3 (Fig. 5.13). Results 

from Table 5.3 show that the minimum angle to cover acceleration and deceleration is 

between 11.4˚ to 37.2˚, depending on the resolution. 

 

 
Figure 5.12: Maximum acceleration vs. resolution and minimum time to reach maximum velocity vs. 

resolution with constant velocity. 
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Table 5.3: Motion parameter limits for the various resolutions 

Resolution 
(Steps/Revolution) 

Number of 
Steps 

For360˚ 

Maximum 
Velocity 

(Steps/Second) 

Total Time 
to Cover  

360˚

(Seconds) 

Time to Reach 
Maximum 

Velocity with 
Maximum 

Acceleration 
(Seconds) 

Minimum 
Combined 

Acceleration 
and 

Deceleration 
Angle 

(Degree) 

12,800 2,304,000 384,100 6.0 0.19 11.4 

6,400 1,152,000 345,000 3.3 0.35 37.2 

3,200 576,000 175,000 3.3 0.29 32.0 

2,000 360,000 120,000 3.0 0.30 36.0 

 

 
Figure 5.13: Degree vs. time with the maximum constant velocity and maximum acceleration and 

deceleration. 
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suitable combination of the velocity and acceleration can be used to achieve the 

translate and rotate motions. 

 

5.2.2 Reproducibility Experiment 

Experiments to test the positioning reproducibility of the modified CT scanner were 

conducted for resolutions ranging from 2,000 to 12,800 steps/revolution. During these 

experiments, inputs from the home sensors were directly connected to the UMI. This 

provided two active home regions for the rotation movement (at 0˚ and 360˚) due to 

rotational capability beyond 360˚. The scanner was initially reset using the described 

reverse-forward-reverse approach. After reset, the position register was set to zero, and 

the scanner was rotated over 380˚. Resetting the scanner after rotation over 380˚ will 

provide us the position of 360˚. During this second reset procedure, the position register 

was disabled, and the position after the second reset was recorded. This procedure was 

repeated 10 times. The recorded results were compared with the expected number of 

steps for 360˚, and absolute errors were calculated for different velocities for resolutions 

ranging from 2,000 to 12,800 steps/revolution. Figure 5.14 shows the plot of angular 

error vs. velocity for each resolution. Table 5.4 shows the minimum and maximum 

percentage angular error for each resolution. 

 

A reproducibility experiment for the translate motion was also conducted for the 

resolution of 2,000 steps/revolution. During this experiment, the scanner was positioned 

at 90˚ and was translated with a constant speed of 20,000 steps/second. The scanner 

was initially reset using the reverse-forward-reverse approach, and the position register  
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Figure 5.14: Reproducibility results for different velocities at various resolutions. 
 
Table 5.4: Angular error for the various resolutions. 

Resolution  
(Steps/Revolution) 

Minimum Angular Error  
(Degrees) 

Maximum Angular Error  
(Degrees) 

12,800 0.0019 0.0098 

6,400 0.0074 0.0249 

3,200 0.0034 0.0078 

2,000 0.0052 0.0114 

 

was set to zero. After reset, the scanner was translated backward and forward (-15 mm 

to +195 mm) ten times and was reset at the end without setting the position register to 

zero. The reset position was recorded and compared with the expected number of steps 

at the zero position. After repeating this whole experiment 10 times, the absolute 

difference between recorded and expected position was calculated to be 0.0944 mm. 

During these experiments, it was noticed that the deviations become larger as the 
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number of translations was increased. This is because running of the motor produces 

heat in the motor windings and decreases the motor torque. 

 

To examine the effect of the error in positioning reproducibility on image quality, an 

independent analysis involving computer simulations of random errors in the rotation 

increment was performed. The analysis showed that even with a position error with a 

standard deviation of 1/4th of a rotation increment (450 source positions over 360˚) the 

structures within the image could be discerned clearly. The background noise increased 

as the standard deviation of the error approached a value equal to the rotation 

increment. (27) The reproducibility experiment revealed an error of 0.0114˚ at 2,000 

steps/revolution in rotational positioning, and this error is 70 times smaller than the 

rotation increment. 

 

5.3 Conclusion 

The selected motion-control system works within the performance parameters on the 

modified CT scanner. The modified CT scanner with the x-ray tube and power supply 

allows rotation over 360˚ and provides characteristic features from both second- and 

third-generation CT scanners. The LabVIEW GUI provides flexibility for the user in 

defining velocity, acceleration and deceleration. The complete motion-control system of 

the modified CT scanner allows a minimum rotation time over 360˚ of 3.6 seconds with 

a maximum angular error of 0.0114˚. Limit switches, home sensors, and timing pulses 

to the detector were tested for each motion, and they fulfilled all established 

requirements. 
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6. CONCLUSION 

The aim of this project was to establish a mechanical design of a CT scanner that 

provides characteristic features of both second- and third-generation data collection 

schemes. Rotation of the gantry beyond 180˚ plus fan angle in the data collection 

scheme of the current second-generation CT scanner was blocked by the base of the 

scanner. 3D models of the modification schemes described in Chapter 3 have proven 

that the scanner can be rotated over 360˚ with different modifications. After conducting 

a detailed analysis of advantages, costs, and availability, we concluded to modify the 

scanner by extending the semicircular assembly and gear-box shaft (Fig. 3.2). After 

modification, the gantry can be rotated over 360˚ to accomplish the data collection 

scheme of a third-generation CT scanner.  

 

Use of an x-ray tube in the modified CT scanner provided better precision and 

geometric resolution but added weight to the scanner. This needed to be taken into 

account when redesigning the motion-control system. Stepper motors and an open-loop 

motion-control system provided the necessary position accuracy and torque at relatively 

low and high speeds. The stepper-motor drivers are able to provide the required current 

with variable resolutions ranging from 2,000 steps/revolution to 12,800 steps/revolution, 

which provided from 360,000 to 2,304,000 source positions over a 360˚ rotation. The 

PC-based motion controller from National Instruments allows us to program a LabVIEW 



 

81 
 

based GUI to facilitate the user with flexibility in all motor movements. This flexibility 

also allowed generation of the necessary timing pulses for the detector.  

 

For safety, both motor movements are limited using mechanical limit switches. During 

the translate motion, the translate plate is allowed to scan a maximum of 190 mm with 

acceleration and deceleration. To achieve rotation through 360˚ with constant velocity, 

acceleration and deceleration are provided beyond the range of 360°. An additional 

angle of up to 180˚ was incorporated between the two limit switches. This allows a 

maximum of 90˚ acceleration and 90° deceleration for a full 360˚ rotation at constant 

speed. With a simple approach, any rotation beyond 360° would activate both limit 

switches twice. An optical position encoder and associated logic circuitry was 

implemented to enable and disable the rotation limit switches appropriately.  

 

Performance evaluation of the modified CT scanner with the selected motion-control 

system showed that the scanner could be rotated through 360˚ within 3.9 seconds.  

 

The development of the dual-generation CT scanner provides a flexible CT platform by 

combining different data collection schemes, flexible geometric resolution, and variable 

scanning times. Addition of slip-ring technology would enhance the scanner by 

providing continuous rotation, thus enabling spiral scanning. At present, the source-

detector system can be translated only in the horizontal direction. Addition of one more 

translation plate between the existing rotate and translate plates could provide an option 

for variable magnification. (13) 
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