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PARTIAL-DATA INTERPOLATION DURING ARCING OFAN X-RAY

TUBE IN A COMPUTED TOMOGRAPHY SCANNER

JAISINGH RAJWADE

ABSTRACT

X-ray tubes are used aomputed tomography (CBranners as the energy source for
generation of images. These talbecasionallyendto arc, an undesired phenomenon
where high current surges through the tubéring the time that the-ray tube recovers

to full voltage after an arc, image data is lgetollected. Normally this data, acquired at
less than full voltage, is discarded and interpolation is performed over the arc duration.
However, this is not ideal and some residual imperfections in imeaksd artifacts, still
remain. Proposed hereas algorithm that corrects for improper tube voltage, allowing
previously discarded data to be used for imadimgtead of throwing awagll data

during the arc period, we use some of the data that is available as the voltage is rising
back to its programed value. This method reduces the length of the interpolation period,
thus reducing artifact®esultsof implementation on a CT scanrsrow that there is an
improvement in image quality using the pardala interpolation method when compared
to standad interpolation and that we can save up to 30% of data from being lost during
an arcWith the continuous drive from the imaging field to have faster scanners with
short image acquisition times, adverse effects due to arcing are becoming more

significantandthe improvement proposed in this research is increasingly relevant.
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CHAPTER 1

INTRODUCTION

X Traytubes are the energy source for generation of images omaufedTomography

(CT) scanner. Xrays pass through the patient, undergo attenuation through the ggatient
body and the attenuated rays are collected on detectors located on the other side of the
patient. These detectors convert the attenuated rays into electrical data, which are then
converted to images using mathematical computations. This is the princg@enptited
tomography.Figure 1 shows a basic block diagraadapted from[1]), of the CT

subsystems and their interaction.
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Figure 1: CT Block Diagram AdaptedFrom [1]

The X-ray tube and high voltage generafpower supplytogether make up the-iay

system, the tube being controlled by the generator. The power supply provides the high
voltage potential across the vacuum in the tube which causes the electrons from the
cathode to accelerate towards the andthe impact of th electron beawhen it collides

with the high density anode material results ingbaeration of Xrays. Thegeneratoiis

also the component that detects an arc event inside the tube and the detector system sees

data relating to the evedtring a scan



1.1 Goals

The purpose of this researchas to implement and evaluate a new algorithm of
interpolation in reconstruction of images on a CT scanner during arc events ofdlge X

Tube. Specific aims am&s follows:

a) Simulate arcs and study differena@simages with and without interpolation

When a CT scan is performed, the system is performing-gay Xxposure. The X
ray beams pass through the patient and are collected as attenuated energy on the detector
system. The detector system converts tlagnuated Xay energies into coefficients or
Hounsfield unitga quantitative scale for describing attenuation coefficient measurement)
in a data file. The reconstruction algorithms are then performed on this data to reconstruct
images for the user. The data from the detector system, or raw detprasessed dats
sometimes calledyas information about the scaniis file header, with contains details
like the time and position of the-dy beam when the data is collected. This header also
contains astatusbit that has information about the ghegh when arc occurred, low when
no arcor vice versa since this can vary on desigrinitedns), corresponding to a data
frame durationA data frame is the data that is collected at each time sample, which is

dependent on the rotation and sampling speeds of the scanner and data acquisition
3



systems respectively. Every data frame headeahascstatus which will be sefctive

for the duration of the arc, which can be measured by the number of data frames that it
remains active for. The typical reconstruction algorithm will discard data that
corresponds to this ar(@ll data whose headetsave a set or high arstatu3 and

interpolate over the duration of the arc that is depicted in the data header.

My initial studiesconsised of taking this raw dat and inserting arcs (by setting the
arc statushigh) at randompoints and then reconstructing the image with this data, thus
giving an image that would be obtained with real arcing in the scanner. A large number
of these simulationsvere performed to understand the effect of arcing on images with
respect to magnitude, duik@t and other factors. The arc imagesre compared with

images of the same data without arcs to give an accurate representation of the differences.

b) Identify cases where images during arcs are not of good quality even after using

interpolation

After obtaining data fromarc simulation effort was madetowards identifying
criteria that cause artifacts in the imag@éstifacts are misrepresentations of tissue
structures seen in medical images. They are caused by a variety of mechanisms such as
data acquisition errorsx-ray tube arcing,inability of reconstruction algorithms to
represent the anatomy, and the physics of eAaogy interaction. Physicians learn to

recognize these artifacts to avoid confusing them with real pathology. However, it is the



aim of all imaging equipment manufacturers to minimize artifacts in images to provide

accurate information to the physicians filgnosis.

The reconstruction simulations wed®ne usinghe reconstruction routine used by

the development team at Philips Healthcare which is implemented iMatiab®
platform. Thiswasused as is since it accurately shows how an image is raocteskin

the Philips CT scanners. Note th#tte goal of this dissertation wanot to write a new
reconstruction algorithm, but to provide a translation algorithm or method to generate
data during an arc event in cases where there would be no data avaablethe new
method proposed is actually supplying data to the reconstruction algorithm in a situation
where it would be interpolating data due to occurrence of diws. is why existing

reconstruction methodsere usedo do simulations and verificatien

The reconstruction results thakere obtained from thesimulated arc images were
analyzed to identifypotential use for a better methdtlwas essential to find cases that
actually show the difference in images due to interpolation performed atathdy the
reconstruction algorithm. Asill be shown in thamages in the simulatiain Chapter2,
the difference images show undesistibaks which are caused by the arcs in the images
(or places where data is discarded and the time period integpalaer). The ultimate
acceptability of the images are defined by medical practitioners that use the scanners, but
we are able to see from the difference images that interpolation of data during arc
occurrences is undesirable. The purpose of this stutly ssmply compare the images
generated by interpolation with those generated after using the new algorithm proposed

here. We do not need to delve into the anatomical details as much as the relative

5



improvement from using the new method. To put it in layngas t er ms , t he

(smaller difference) the difference image, the better its quality.

c) Implement a method of reime measurement ebltageusing the detector system

Even though the voltage feedback of the power supply is availabtetfre system
electronics, it is not fast enough in tirfdue to hardware propagation delays)e able
to providereaktime correlation to data at the detectors. The data is reconstructed at the
end of the scan, but the voltage must be detected at the time that it is rising during
recovery from the arc, so that | can implement the translation method to get equivalent
desiredvoltage data that will then be provided to the reconstruction algoritApart
from the time delay, it is also more convenient to have the voltage detection as part of the
detector data since that is where the correction algorithm is implem@&inisdherebre
requires calculating the voltage from relative measurements made on the scanner detector
system, which is a rediime voltagemeasurement methoduseda materialwith known
attenuation characteristicsopperin my case)to make a relative measuremem the
detectors and relate it to the voltage level. This voltage deteatsmcomprisel a
significant part of the project and ispablished anknown effective method ofoltage
detectionand will be discussed in detail in ChapBelEven though itd a known method,
it is not typically implemented in CT scanners since there is not a need fdmreal
voltage feedback from the detectors. The electronics of the power supply provide

feedback to the control circuit toaimtain constant voltage. | had use this method



because it is required to make voltage feedback available for the algorithm

implementation at the same time that data is being collected by detectors.

d) Implement thepartialdataalgorithm to generate images during arcs

A new metlod of using real voltage magnitudasd attenuatiomatios during or
following an arcfrom the detector system has bekmived. This data iBandated to he
X-ray spectrum at the variousltage values. The actual CT numbers or Hounsfield
coefficients ollected correspond to the anatomical properties of the object being
scannedThe algorithm des a translation of the measured data at the real voltage to that
which is commanded or desired during the particular sthe.dissertation implements
this method of usingorrecteddata during an arc to minimize data loss and improve
image quality.Since the method uses measured data for a part of the arc duration and

then standard interpolation for the redtavecalled itpartialdata interpolation.

1.2 Literature Review

Reconstruction of images from projections was attempted as early as 1940. In a patent
granted in 1940, Gabri el Frank described
Chapter 1 However, these attepts were made without the benefits of the modern
computer. Since the introduction of the first laboratory CT scanner in 1967 by Hounsfield

[1, Chapter ] there has been tremendous development in the implementations of the
7



reconstruction algorithm. Imageconstruction in CT is typically performed using the

back projection algorithm [IChapter B

The basic principle behind image reconstruction is the Fourier transformation of
planar images called projections. The steps involved in the creation ofsirnagebe

listed as follows:

1. Projection of Original Image Data

2. Transformation of Data into Fourier Domain

3. Filtering of Data

4. Transformation of Data Back into Spatial Domain

5. Back-Projection.

Back-projection refers to the algorithm used to reconstruct imdges data
coll ected at el ectronic detectors on the
imaged. The data consists of attenuatexhy signals which correspond to the body part
that the Xrays passed through. These attenuation values are thexlatmd to the

properties of the body part and the algorithm generates images based on these values [2].

CT Image reconstruction has come a long way since its advent in 1967. Over the
years, several researchers at the major medical device manufactwleding GE,
Siemens, Philips and Toshiba have developed various modifications and improvements to
the basic reconstruction algorithms and methods. The following are reviews of studies
based on interpolation, back projection and other reconstructionthigeriThe literature

review spans different efforts made in the implementation of the image reconstruction



algorithm used in CT scanners and in tomography in gen&ahe arc related

publications and patents related to arc handling in CT scahaeesals been reviewed

The author in [3] proposes the use of-farallel projection data directly in a
reconstruction algorithm as opposed to the commonly used method of rebinning the fan
beam data to parallel projections and then using a-pe@éndent weighfactor in the
back projection algorithm and an axial interpolation. The paper investigates an algorithm
involving arcsine calculations to reconstruct an image directly from the fan parallel data
which does not require axial interpolation or weight faotpnn back projection. The
arcsine back projection step requires an arcsine calculation as opposed to an arctangent
calculation in farbeam back projection. The author provides some imaging results using
his new algorithm, which demonstrate similar imagelity to that used in parallel
reconstruction. Hence, according to the author, this algorithm achieves a significant
saving in the computationally expensive pixel dependent back projection and better

resolution by eliminating resolution compromisingaxnterpolation.

In [4], the authors present a stochastic relaxation algorithm for reconstruction of a
CT image from projection data obtained from four different directions. They use an
energy function to describe the states of the system. The hlgdstdesigned to work in
a way to minimize the energy of the system. They view CT reconstruction as an
optimization problem, where a cost function (energy in this case) is to be minimized. The
optimization problem i s s édrecpnstractionayemaadk wo r k
the energy layer. The units of the reconstruction layer correspond to pixels of an image,

and the output of each unit represents the gray level of the corresponding pixels. The

9



units of the energy level correspond to projectiata, and each of the projection units
corresponds to a column of pixel units. The output of the energy layer is a value that
describes the current state of the reconstruction layer. The authors performed experiments
in which the proposed algorithm was &eg to images with 48x48 pixels. The results
showed that the reconstruction by stochastic relaxation worked well with CT image

reconstruction.

In [5], the authors investigate the improvement to single circle scan reconstruction
images with the use of splementary information. Their work is based on the fact that a
single circle scan using the Feldkamp reconstruction method does not yield complete
information to reconstruct an object. There are missing radon data along the rotation axis,
which correspondb integration planes mostly in the orthogonal orientation relative to the
rotating axis. The authors try to improve this single circle scan reconstruction by filling in
the missing radon data with supplementary information on the object obtained with
addtional scan paths. Their choice of this additional scan path is a line scan orthogonal to
the plane of the circle scan. They performed experiments using single scan plus a second
circle scan, making use of a priori information of the object, and alsotogedrams to
compare results. They found significant improvement in single circle scan cone beam
image reconstructions using the supplementary information from the methods mentioned

above. They also provided some images in the paper to illustrate tdeagsn

In [6], the authors have applied and verified a proposed new algorithm for CT Image
reconstruction, which they call the New Fast Radon Transform (NFRT). The NFRT

addresses the difficulties found in the filtered bposjection algorithm, which inade

10



conversion between radial coordinates and a raster scan format and the interpolation
required to calculate the inverse which requires long computation times. The basic
principle behind the NFRT is to virtually divide a square image into two angults; par

i . e. Il mage space below and above +/1T 45 de
not covered in this paper. The NFRT results are compared with images obtained using the
regular filtered baclprojection algorithm which is used in everyday Cargwers. They

found that their Inverse Fast Radon Transform (IFRT) method had images with a
considerably lower peak signal to noise ratio and the NFRT has the ability to be faster

due to the absence of interpolation and the direct conversion betweenscasteand

polar grids.

In [7], the authors propose a method for finding and using the detection system
response in the projection matrix of a statistical reconstruction algorithm in Positron
Emission Tomography (PET)/CT imaging. The quantitative accuracy of PET
reconstruction idimited by factors like spatial resolution of the imaging system and the
number of photons collected. The authors propose using accurate system modeling and
anatomical information in a clinically feasible reconstruction algorithm to reduce
guantitative eors. They used CT anatomical data during the PET reconstruction as
opposed to after reconstruction, thus supplying approximate boundary information of
emission uptake regions in the body, providing a priori image smoothness information.
The improvements &re combined with the Fourier Rebinning Technique (FORE) in an

algorithm wusing a general system response function for reconstructing fully 3

11



Dimensional PET data. Simulated results showed improved tumor bias and variance

characteristics with the new algibm.

In [8], the authors have performed an experiment to evaluate the dosimetric
consequences of artifacts during radiotherapy planning of a prostrate patient containing a
hip prosthesis. The motivation for this research was to study the effecsestsirin
human bodies that have high atomic numbers (thus cause higher attenuatioaysj, X
such as prostheses and dental fillings. Such inserts are known to cause streak artifacts in
CT images, which severely degrade ability to differentiate tumor nwedu during
radiotherapy planning. They used different reconstruction algorithms to obtain CT
images for the patient with a hip prosthesis. They found that none of the images were
artifactfree. However, they also found that the magnitude of the artifeactsnet large

enough to disturb the radiation dose for the calculations made for therapy.

In [9], an original method for constructing the thinequency representation of
signals from the squared magnitudes of their Fourier transforms is presented.tibe me
uses alphaorm minimization and elaborates an iterative optimization method with
adaptive estimation of the convergence parameter. The basis for this paper is the
mathematical formulation used in tomography which has been successfully applied to
time-frequency analysis, which represents an important imaging modality of the structure
of signals. Based on the interrelation between CT and-ft@ggiency analysis, new

methods have been developed for tireguency analysis.

In this paper, the authors dam that limitedangle approach can contribute to time

frequency analysis. Their new method can also be used for CT image reconstruction even
12



though it is a little computationally expensive. The authors demonstrate that the method
can successfully suppresindesirable interference terms for signals with simple-time
frequency configurations without unacceptable degradation of -ftieg@ency

localization.

In [10], a Fourier based model fordmensional projection in CT is presented. The
authors discuss thieasis and window functions for some projection techniques in the
paper. They emphasize that the outcome of an iterative reconstruction depends largely on
the projection operator as compared to the fpaokection procedure. They also evaluate
procedures sing the Fourier models and basis/window function concepts as linear
operators/filters in signal processing terms. They challenge the concept that voxel and ray
driven procedures are related to the interpolation functions, emphasizing that these
procedurediffer only in the design of the innermost loop of the projector or -back

projector.

In [11], the authors propose techniques for successful cardiac CT Angiography
(CTA) in a multislice (64slice in this case) CT scanner. The objective of their new
algorithm is to maintain constant image quality over the entire range of clinically relevant
heart rates from 50 to 140 beats per minute. Their method, called adaptiveagoignt
reconstruction makes it possible to assess the coronary arteries asoaedlias function
during the same scan sequence while employing the identical scan protocol for heart rates
between 50 and 140 bpm. The normally employed pitch is set uniformly and does not
depend on the patient ds he aaratresoldiandghat isThi s

almost totally independent of the heart rate. The coronary artery anatomy as well as

13



cardiac function can be assessed from a single scan with the same scan protocol. There is
no need for additional exposure. The authors feel thataning temporal resolution is

not the only factor for successful cardiac CTA. The techniques presented in this paper
lead to a significant improvement in reconstruction robustness, especially in cardiac
patients with pathologic arrhythmias and changeseart rate. Patient workflow is
optimized by reducing the number of reconstructed phases necessary for coronary artery
analysis. Coronary artery imaging free of artifacts is possible, even in patients with
certain arrhythmias and large changes in hea#d. fdthen combined with automatic
detection of the cardiac phases with the least amount of cardiac motion, adaptive multi
segment reconstruction ensures a high degree of detail for the assessment of stenosis,
plaque, and stents while minimizing motion blogi The phase determination is
performed by automatic motion intensity analysis of the raw data over the full length of
the heart along the-axis with a step determination of 1 ms. Patient examination and
assessment are facilitated and the time require@ynificantly reduced by the application

of these automatic optimization concepts.

In [12], a method for artifact reduction in CT images is patented. The method
comprises an inexact reconstruction algorithm to create a first data image, segmenting the
first data image to provide a second image with high attenuation objects separated from
low attenuation objects, 4@rojecting the second image to form a second set of data,
reconstructing a third image from the second data set using an inexact recamstructi

algorithm and then subtracting those portions of the third image that are outside the high

14



attenuation object from the first image. The invention relates to reducing artifacts in a CT

image reconstructed from an inconsistent data set such as conedtaam d

In [13], the author has patented a method of data rebinning, which is a method for
producing an enhanced tomographic image of an object. It includes steps of obtaining fan
beam projection data of the object from a tomographic scan, rebinning theediam
projection data into a quantity of parallel projection data points, applying interpolation to
the quantity of parallel projection data points to increase the quantity of parallel
projection data points and generating a tomographic image from tieasect quantity of
parallel projection data points. The methods and apparatus of the invention provide
rebinning fan data into parallel data for improved image reconstruction. Additional
information is obtained and utilized in each scan to increase thetyquédl the
reconstructed images. The additional information can be obtained and used even in the
case of noruniformly sampled projection data. The methods and apparatus of the
invention also provide increased helical speed coverage by using thicker slice
collimation, without degradation of image quality, and increased volume coverage while

maintaining zresolution in a reconstructed slice.

In [14], the authors have proposed new methods of implementing the Convolution
Back Projection and Fourieruarsion methods of image reconstruction. They have used
a hierarchical bubased system (HBBS) to ease the-boisgestion of a shared bus used
to connect processors in a shared memory multiprocessor system. These multiprocessor
systems are used because ek projection and Fourier inversion methods are highly

computeintensive applications for single processor systems. An HBBS supports larger

15



number of processors and also has highly specialized instructions and architecture of DSP
devices which contribet to its better performance. Additionally, the authors have
developed a parallel algorithm in this paper for the back projection and Fourier methods

using overlapped communication and computations.

Their results show that anrébde hierarchical bus bassgistem executes the two

algorithms about 100 times faster than the standard multiprocessor system.

In [15], the authors present a reconstruction technique for CT images from a
geometrically unconstrained set of ray sums. This paper is interesting theeféot that
the authors are testing for a technology that is not yet in existence but believe will be
used in the future. The proposed device would be a flexible band with 4iay Zmitters
and detectors attached to make it a lightweight, flexiblepamthble Xray system. This
device would be wrapped around an appendage to obtain images. The purpose of the
authors study was to evaluate the feasibility of reconstructing a CT image from such a
device, for which they built a simulation test bed to sineu@T ray sums of a test image.
This data was then used in their reconstruction method, which involves slotting each ray
sum onto a grid of data that represents a parallel beam CT scanner data. Once the data is
in that form, they performed regular CT bagkojection to generate images. So they
introduced a method of reconstruction which is not constrained to any particular
geometry and their test results showed that the method was effective and image quality

was as good as that produced by regular CT scamiage reconstruction .

In [16], the authors analyzed the processing of an inconsistent data function by the

filtered backprojection algorithm in its continuous form. They demonstrate that an image
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reconstructed by the back projection algorithm carepeesented as the sum of a pseudo
inverse solution and a residual image generated from an inconsistent component of the
measured data. It shows that when the original datetibn is in the range of thadon
transform, the image reconstructed using thekiprojection algorithm corresponds to the

pseudo inverse solution.

In [17], the authors have patented/@ltage detection method that was devised to
measure Xray tube voltage in a CT system. The basic method used is placing filtration
material over twaletectors on the scanner, and feeding the ratio of the signals produced
by these two detector elements to a calculation algorithm which produces a signal
indicative of the Xray tube voltage. The authors discovered that for any giveayXube
and diffeential filter, an exponential relationship exists between tube voltage and the
ratio of the two detector signals. The relationship is determined by a calibration
procedure in which an exponential curve is fit to a set of ratios measured at different,
known X-ray tube voltages. They were able to achieve voltag@sorements accurate to

+/1%0. 5

In [18], a review of nethods of speeding up of the reconstruction algorithm
implementation has beeperformed The paper focuses on faster computation using
parallel computing including first and second generations of parallel computing
(centralized computers and LAN based computers) and also on distributed client server
topology to a peer to peer (P2P) enhanced

that single PC reconstruction is insufficieartd riskyfor fast implementationand the
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benefits of parallel computing including reliability and low cost can be realized by

integrating geographically distributed systems over the internet.

In [19], a new achitecture called theetl broadband engine (CBENhich has been
recently optimized for distributed computingas been used to perform the generally
computationally expensive iterative reconstruction algorithms used inbeam CT.A
CT algorithm calledthe ordered subset convd©SC) which achieves high image
quality, has been used to perform the image reconstruction using the TRE.
researchers tried to maximize the OSC image reconstruction speed for statistieal cone
beam CT, which they also belieas the potential to significantly reduce image noise
and thereby improve dose usage of the scanner. The result of the study showed that only
four OSC iterations were sufficient to achieve high image quality and the authors
concluded that this method hiagh potential to be available with the high performing

CBE.

Referencg20] is a patent that is a design of an arc suppressor forrap tube
consisting of a combination of coils and diodes which limit the arc current within the
tube. The authrs have proposed a parallel connected coil and diode between the high
voltage supply and the target of theay tube as the building block of this suppressor.
When an arc occurs, the sudden increase in current flow is converted and stored in a
magnetic ield leaving only a small current to contribute to arcing inside the {Tie.
coils are sized such that the arc current is sufficiently limited to protect the tube from
damage. The diodes permit the energy stored in the magnetic field to be converted to a

current flow through the coil and diode such that the energy is dissipated as heat by the
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resistance of the coil thus limiting the energy passing to the tube. Thesecdibldecks
can be staggered into multiple stages depending on what the power degigly permits

to add even more current suppression during arcing.

Referenceg21] is another patent that provides a method to protect tasyy xube
during arcing.The authors have presented a CT apparatus which, in addition to the
standard CT blocksfoan xray tube and detectors, also includes an interlock unit
configured to monitor generation of an arc in they tube. When an arc in the tube is
detected, the interlock unit stops the emission-odys by suspending the generation of
voltage outputfrom the high voltage supplyWhen a predetermined period of time
elapses from the stop ofray emission, the interlock unit restarts the emissidre
authors also talk about usingn interpolation method during the period of xay
suspension. This intgolation is based on data that was collected before the arc. This

interpolation serves to eliminate artifacts due to arcing.

In [22], the authors haveagented a method for tulspit (or arc) detection and
correction. They propose a method of detection by analyzing the data read by the
detectors a software based implementation as opposed to hardware arc improvement
methods which are expensive. Their method of gfie detection is to find any
occurrences of almost zesignal read by the det®rs. After detecting an occurrence of
tubespit, they propose interpolation as a correction for that duration. They have
mentionedlinear interpolation and.aGrange interpolation asome of thenterpolation

method that could be used for correction.
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Despite these numerous methods implemented in image recziiwstrover the last
few yearsthere have been limited studi@ésne in interpolation methods duringrXy
tube arcing. This is partly due to the fact that the current basic interpolation siathod
thosementioned in [21] and [22}erefound to work well in most cases in scanners made
so far. However, with the more recent scanner technology moving towards faster rotation
speeds and reconstruction times, the short arc durations will now haveigmfieant
effect on image quality. In these conditions the traditional interpolation will be
inadequate, and any small increase in recorded data during arcing will contribute to
improving images significantly. It is with these new and futuristic apphica that this

studyproposes gargetednterpolation method.

1.3 Contributions of this Research

This chapterChapter ) introduces the fundamentals of computed tomography
and the goals of this study. It also reviews material published in the fistddyf and
work that relates to reconstruction amdirag in CT scanners. Chapteegplains how
arcing is currently handled in some CT systems and also reviews effects of arcing on
images when using current methods of arc handling such with standardletierp
techniques. Simulations are performed in this chapter to illustrate these effects with
different rates of arcing using two different human body sections. Cigapeiews the
theory and implementation of the voltage detection method used dusnggsbarch.

This is not a new contribution of this research but avagynificant part of it since it was
20



necessaryor theimplemenationof the algorithm desloped in this study. Chapter 4
details the data collected for the development of the prop@s&dHoata algorithm and

gives anoverview of the basic flow of the algorithm.

Thenewcontribution of this research is the introductafran algorithm to handle
tube arcing using data that is available during the arc evsatof this partiatiata
interpolation method results in improvement in image quality during tube afdirgy.
derivation and method of implementatiaredetaled in Chapter 5Chapte6 shows the
implementation and results of the pdrtiata algorithm ad Chapter draws conclusions

from the results and looks at future applications for the new method.
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CHAPTER 2

ARC DETECTION, SIMULATION AND IMAGE STUDIES

In this chapter we review how CT systems detect and handle arcing with respect
to image reconstruction aridok into details of xray tube and power supply interaction
during an arc. This is covered in section 2.1. In section 2.2, we compare images generated
by simulation of arcing on a system. We take data from scans made on head and pelvic
phantoms, and then dbie arcstatus activén some of the data frames in thealheaders
from these scans, thgerform standard image reconstruction on the data. We then have
images that show effects of different durations of arcing which we compare with images
from scans vthout any arcing. This is to illustrate the effects of arcing on imaging that

we are trying to address with the new method proposed in this research.

2.1 Arc Detection in the CT Xay System

Figure 2 shows a common system used in CT scanners to aetiag in tubes. It

consists of the power supply detecting an arc and passing on the information to the
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detection system, which then handles it using interpolation or other methods to minimize

detrimental effects on image quality.

t t ramp-
blank up

90% of voltage
setpoint. ./

Tube Voltage

Tube Arc
Signal

Inverter
On

Figure 2: Arc Detection andReporting in Xray Power Supply

The &ube arc signélbecomes active every time the voltage drops below the 90% set
point. It remains active until the voltage is above the 90% value again. This signal tells
the image recomnsiction system when and for how long to perform interpolation during
the scan. Thdinverter om signal shows if and for how long the event has caused the
inverter to shut down. It is an indicator of the severity of the arc. Both these signals are

generatd in the power supply and passed on to relevant control systems in the scanner.

The inverter charges the output capacitors of the supply. It is turned off when an arc
is detected due to the high current surge that causes the voltage to drop. Once the arc
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event is over the inverter is turned on again to charge the capacitors. This is the second
part of the arc signal still being active until the voltage is able to ramp up to the desired
value. One thing that can be seen in Figure 2 is that the invenmear défronly for the
second arc event. This is because the magnitude and slope (rate of fall of voltage) of the
first arc event was within the threshold of the inverter recovapgluility. The system by
designtries to recover from an arc as soon as one is detected. If it can accomplish this
before the voltage drops below an amount that the inverters cannot supply, it will not
switch off the inverters. These thresholds and switching schemes are meant talpgotect

components of theibe andpower supply.

If an arc occurs during a patient scan, the shutdown of tube power results in a
momentary loss of Xays, thus a loss of imaging data. The momentary period is
determined by the time it takes fortheo wer suppl ydés voltage sou
may be on the order of several milliseconds. This lost data leads to artifacts in the

consequent image generated from the scan.

Typical image computation or reconstruction algorithms will usually just tittese
arc events, and interpolate data during the shutdown period to continue with the patient
scan[21], [22]. This method can be quite acceptable from an imaging point of view
depending on how long the shutdown period of the system may be and the ptiaros
that occur during it. However, these thresholds are small in scanners that have high
rotation and reconstruction speeds and frequently the artifacts get so bad that the image is

not acceptable and the patient must be scanned [ddain
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Typical X-ray generators have a large capacitive bank at their output stéggdto
the power required by thelie. As mentioned earlier, an arc is a short circuit across the
X-ray tube, which results in a large current draw in the tube, which in turlsresa
rapid discharging of the capacitors. The inverter bridges that feed the capacitors then
have a small ramp up time before the capacitors are fully charged again and capable of
supplying the required power to the tube. This delay is when the vealtagss the tube
has dropped very low and has a ralikp profile before the voltage rises up to a usable
value again. This usable value is typically adesed to be approximately 90% of the
maximum requestedoltage. The voltageased for imaging in CTcanners aren the

range of 80 to 14Rilovolts kV).

2.2 Simulationto find limitations of current interpolation methods

The approach to studying arcing effects on images is to first get datagmoda
image, then set arc status actfdering certain dta frames)n the data which is then fed
to thereconstruction softwarehich will discard data that corresponds to the arcs. These
simulations give a good idea as to the effects of arcing on images. Several such
simulations have been performed using a head and pelvis phantom and areirshown

figures 3 through 11
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Figure 3 shows sliceumber 7 taken from a 40 slice Philips BrilliahteCT
scannerThis image is without any simulated arbiimber of slices is determined by the

number of rows of detectors that are part of the detector assembly.

Figure 3: Pelvis Phantomvithout Arcs

Figure 4 shws the same phantom image with two arcs in the data. This is
simulated by setting the astatus activen the data header in 2 data frames at random

points, which cause the reconstruction algorithm to discard the data for those two data
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time periodsFigure 5 shows the mathematical difference of the data from figures 3 and

4.

Figure 4: Pelvis lhantomShowing Two Arcs
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Figure 5: Differenceof Pelvis Phantom Imageitht Two Arcs andwithout Arcs

Several such experiments were done using head and pelvis phant@wes.summarized

a view of three different slices of a head phantom and a pelvis phantom in figures 6
through 11. The first columns show slices without any arcs, the second column is
corresponding slices with a specific number of arcs, and the third cadbows the

difference of the first two columns. This third column is the mathematical difference,
which actually shows the artifact caused b

As can be clearly seen in the figures, the more the arcs, the nopced the streaks.
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Figure 6: PelvisPhantomimageswvith Two Arcs

Column 1 = Images with no argSolumn 2 = Images with 2 arcs
Column 3 = Difference image of columns 1 and 2
Row 1 = Slice number, Row 2 = Slice number 20
Row 3 = Slice number 34
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Figure 7: PelvisPhantomimageswith FourArcs

Column 1 = Images with no argSolumn 2 = Images with 4 arcs
Column 3 = Difference image of columns 1 and 2
Row 1 = Slice number, Row 2 = Slice number 20
Row 3 = Slice number 34
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Figure 8: Pelvis lhantomimageswith TenArcs

Columnl = Images with no arc€olumn 2 = Images with 10 arcs
Column 3 = Difference image of columns 1 and 2
Row 1 = Slice number, Row 2 = Slice number 20
Row 3 = Slice number 34
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Figure 9: Head Phantom Images with Twacs

Column 1 = Images with no argSolumn 2 = Inages with 2 arcs
Column 3 = Difference image of columns 1 and 2
Row 1 = Slice number, Row 2 = Slice number 20
Row 3 = Slice number 34
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Figure 10:HeadPhantomimageswith FourArcs

Column 1 = Images with no argSolumn 2 = Images with 4 arcs
Column 3 = Differencémage of columns 1 and 2
Row 1 = Slice number, Row 2 = Slice number 20
Row 3 = Slice number 34
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Figure 11:Head Pantomimageswith TenArcs

Column 1 = Images with no argSolumn 2 = Images with 10 arcs
Column 3 = Difference image of columns 1 and 2
Row 1 = Sli@ number 7Row 2 = Slice number 20
Row 3 = Slice number 34
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CHAPTER 3

REAL-TIME VOLTAGE DETECTION

This chapter focuses on the voltage measurement method which, even though not an
original contribution of thigesearchis a very important tool in achieving the goals set
forth for this study. Section 3.1 introduces the fundamentals behind the method and
section 3.2 provides data obtained in this research which is used in the implementation of
the voltage measurement, whi feeds the partislata method presented in the

subsequent chapter.

3.1Principle

This method for determining voltage ofray systems follows a simple filtering and ratio
principle. It uses th fact that the voltagapplied across anpay tubehas a drect relation

to theenergy of the xays and thattenuatiorcaused by any material whére x-rays are
incident on it Attenuationratios are collected from detectors that are covered by a known
thickness of copper and detectors that have no cappering. These ratios are collected

at different voltages and the relationship is determined between attenuation and voltage
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for that particular thickness of copper. The same thickness of copper is then used on
detectors while making scans at unknowntagés. The attenuatioratios are then
converted to voltage values from the previously determined relationBlgpre 12

illustrates the placement of copper on the detector array to make the voltage

measurements.

x-ray tube

patienttable

x-ray detector
Figure 12:Placement of GpperStrips forVoltageMeasurement

Please note that the copper strips in this case have been placed on the scanner detectors

only for convenience, since we are only looking at a small section of the images for our
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measurements and ignoring the area covered by the copper. liem syplementation,
this copper filter will need to be placed outside the field of view, preferably on a small

detector array placed in the collimator to make voltage measurements.

3.2Ilmplementation

Attenuation ratio in generalpay physics is represest as follows:

I
I

= g HE (1)

where

lo= Original intensity of the xay beam

| = Intensity of the xay beam at distance (or thickneks)
esEul er 6s number

u= Effective attenuation coefficientor polychromatic xray beam
t= Thickness of attenuatymaterial

Based on equation (1), the expressfon ut (logged attenuation ratias derived as

follows:

ut = —In (;::] (2)
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Note that we are using the logged attenuation ratio for simplicity of implemeniatioa
algorithm because the scanner data is available in this feiroe we usei to denote
attenuation coefficients for both copper and water in this document, | will henceforth

refer to them ag for copper anql,, for water toavoid confusion.

The implementation of thevoltage detection in this case consisted of using
attenuation calculations from simulations generated by a Matlals@y xsimulation
program andcomparingthem to attenuations measured from a real CT scanner. The
simulations allowd for an extended range of voltages that are not standard on the

scanner, which is needed to detect unknown voltages for this application.

A simulation program in Matlatvas developed in 2007 by Ulrich Neitzel, a scientist
working for Philips Healthe r e &ay tubé division in Hamburg, Germany. He used a
program called Spektr (2004 (C) Copyright by Jeffrey H. Siewerdsen, Princess Margaret
Hospital, Toronto, Canada), which is a routine that generates/ Xpectrums based on
the material and construgh used in Xray tubes. Spekitr is widely used by different X
ray tube manufacturers to perform theoretical spectrum analyses on the output of
different tubes based on different construction materials. Dr Nietzel used Spektr to apply
to the specific tube ding used on the system that | wedkon for this project, and
generated a program that allows us to analyzeayX attenuation through different

materials of our choice.
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Using this program, | calculated the effects of different thicknesses of copplee o
signal level seen by the detectors in a CT scanner. Copper was chosen because it is a
good Xray attenuating material, it is easy to make into thin sheets to place on the CT
detectors, and it is relatively inexpensive and readily available. Otheriatatiike tin or
molybdenum could also be used for this purpose [17]. The simulation program makes
calculations using the properties of all materials inside thayXtube and the scanner
that are in the path of the-days all the way until they reachetliletectors. It generates a
spectrum of the Xays coming out of a tube and then uses the different materials in the
beam path to attenuate these rays on their way to the detectors, just like they will in a real

scanner.

| also made measurements on amser with different thicknesses of copper
placed over the detectafisigure 12) and was able to prove that the simulation program is
a very good representation of the real scanner. The measurement was done by placing
rectangular pieces of 1 mm copper shewver the detectors on the scanner and making
scans.More copper strips were added 1 mm incrementdo get relationships for
different thicknessesp to 5 mmThe data was then analyzed and the area which showed
the attenuation due to the copper sheas noted by specific detector locations. | then
took the attenuation values at points under this copper covered area and calculated the
ratio with values that were not under the sheets. The relationship of the atterataifon
to thevoltageis shown inthe chart in Figures 18nd 4. Figure 15 shows the difference
of the two charts which highlights the closeness of the simulated data to the measured

values.
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Figure 15:DifferencebetweenMeasured an8imulatedAttenuationRatio (ut) for

Different Values ofCopperThickness

| chose to use 2 mmif copper to stay in a low attenuation range to keep the signal level
above 1% for a good signal to noise ratio and at the same time have a good variation for
different voltages. Figure 16 shows the simulated, measured and fitted curves for 2 mm

of copper which highlights the closeness of the simulated data to the measured data.
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Figure 16:Relationship between voltage amgd (simulated, measured and curve fit

(equation 3)) for 2 mm copper thickness

The 2 mm thickness of copper proved to be a good balance betweeding a
good ratio curve and also being light enough to stick on the scanner to rotate at extremely
high speeds without falling ofBased on thabove chartghe it values for the different

voltages for 2 mm of copper were the following:
Voltage= [60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 13%¥40]

Correspondinguct = [4.7224 4.0532 3.5396 3.1225 2.802 2.5484 2.3408 2.167

2.019 1.8929 1.7848 1.6914 1.6097 1.5376 1.4734 1.1.B632]

Using the polynomial fit function in Matlab, &n calculations and found that the
fourth order polynomial provided the best fit to the curves abbwaso found that a

fourth order polynomial gave the best representation of the curve with the lowest error.
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This equation represents the real data witheaecuracy of approximately 3%. Equation

(3) was the result ahevoltageto . relation(for 2 mm of copper)

v = 1.7443(p.t)* — 24.755(p.t)° + 132.3188(p t)° — 327.8174(p.t) +

396.9295
3

This equation is used to calculate the voltages along the rising curve after the arc

during arcing scans for the piai-data algorithm in chapter. 5
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CHAPTER 4

DATA COLLECTION AND METHODOLOGY

In this chapter wdook at measurements and datdlected for the next steps in
the study andgive a simplistic overview of thalgorithm implementation before
presenting the partiaata interpolation in the following chapter. Section 4.1 looks at the
data points simulated and measured on differenemtiticknesses, while section 4.2

gives the implementation overview.

4.1 Water Data

Once the voltage to attenuatioatio relationshipis derived, we have a way to
detect the rising voltage during an arc on a scanfiee. next step wato simulate
attenuationratios for different thicknesses of water at different voltage levals.
mentioned earlier, water is representative of a large portion of the human body and serves

as a good baseline for attenuation that would be derived whemanhs scanned.

Using the same simulation program that was used for copper, but replacing material

properties to those of water, simulatiomere performed to collect datd he results are
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shown in figure T. It shows the simulation of attenuatioatios for water of different

thickness levels.
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Figure 17:RelationshipbetweenVoltageand AttenuatiorRatio (uwt) for Different

Thicknesses dfvater (Smulated)

Radiology phantoms are commonly used in the medical arena to test imaging
systems due to their likenetssthe human body. The most fremuily used phantoms are
water, plexiglas aluminum and copper [23Figure I7 shows that a relationship exists
between the different voltage levels and theira¥ attenuatiomatio with water, and an
algorithm can be devaped to translate body caused attenuations to the desiltede

levels during the implementation of the interpolation method.
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After the simulation data was collected, | made scans on a CT scanner using two
different thicknesses of water in a papepcand compared the data to the results
obtained from the simulationEigure B shows the measured values for two thicknesses
of water on a scanner and figur@illustrates the difference between the simulations and
measurements, which shows the simulatath can be used for deriving relationships to

be used in the algorithm.
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The advantage of using simulated data lies in the factwhaan get data for any number
of thicknesses and voltages easily, which is not always possiinlg measured dathue

to practical limitations on a scanner.

4.2 PartialDatalnterpolation Methodology

The proposed implementation of the partata intepolation method is illustrated in
figures 20 and 2. Figure 20 shows the standard interpolaticommonlyused in CT

scanners at present. It uses simple linear interpolation of the data ttheramg duration.
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Figure 20:Standard Arc Handling in CT Scanners Today

Figure 2 shows the proposed concept of the padath method. We can see that the tail
end of the arc, during which the voltage is rising to the programmed leveK{1#0this
case) is the region where data is collected while measuring the voltagelatd which

is essentially image information at voltages thatarehe rising slope (below 12V),

is then translated using the parikta relationships as derived in the previous and
following chaptes, to provide image data that is equivalentthat of the object being

scanned at 120 KV.
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Figure 21:Proposed Implementation for Partldata Intepolation

Figure 20 shows a standard arc handling method where data is interpolated over
the entire arc duration. Figurd 8hows the proposed method of partlata interpolation
where we use the new algorithm to translate or correct measured data to its equivalent at
the programmed voltage during the tail part of the arc event and then perform standard
interpolation over the remaining duration. Though it mansérom the figure that since
the voltage is constant over the entire duration simple linear interpolation would offer a
perfect correction, it is important to note that the part of the object being imaged is not
necessarily uniform. There is definitelybanefit to using real data for correction, which

will correspond to the objects relevant attenuation characteristics.
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To summarize, the basic principle of the paitiata interpolation method is a
substitutionor additionof real data during part of therc interpolation to enhance the
quality of the resulting imagelhe advantage of this is that instead of assuming or
guessing(using standard intpolation) what the attenuatiomatios will be during the
period of an arc, we now use real information imjoaction with the previous
interpolation routine. Note that there is still a need for interpolation because the part
where the voltage drops to zero (the early part of the arc) does not haveragy X

production, thus no data at all.

We can see that th@oposed partiatlata interpolation is performed-ime with
the standard interpolation and is a complementary method rather than a replacement for

the standard interpolation.
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CHAPTER 5

THE PARTIAL-DATA ALGORITHM

After having simulated and compared data with real measurements, the data
obtained is then used to derive mathematical relationships between the various variables
of interest. Once we have the equation to measurdinmgalvoltage during a scan, and
more prticularly during an arcing scan, we need to derive the relationship between
voltages and thicknesses of water to the attenuasitimy, p.t. We start by first finding

the relationship betwegn,t and voltage in terms of some unknown variallglsandc.

Using some knowledge about the general relationship of voltage to the attenuation
ratio and seval rounds of trial and error, formulated equation (4) as a best

representatioto fit the data collected.

ot = (ogee) + ¢ (4)

where v is the voltage and, b and ¢ are constants to be determined. The inverse
relationship betweep and voltage is a kwan one and has been shown id][2 used

trial and error to arrive at the structure for equation (4). For each thickhess in
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figure 17 & cm through 40 cm)a, bandc were determined using the NewtBaphson
method in Mathcad®Then eacha, b and ¢ were fitted to first and second order
polynomials in terms of. | then replace@, bandc in terms of thicknesg in equation

(4) to getu,, as shown in equation (5).

The equation was initially formulated only with one variable based on the knowledge
that voltage has an exponential relationship witthe 0.5 exponent choice was based on
prior experience of working withtenuationratios and tube voltage relationships) which
was then followed by selection of more variables to best fit the data that had been
collected. Note that this is only one way of representing the voltage to atteradition

relationship; others codlalso be derived using different approaches of curve fitting.

Equation (4) was solved using the M&AD solver, sing values from the
simulations and forming 3 equations to solvedpbandc, which gave us the following

values:
For the followingwaterthicknessegin cm):
t=[510 15 20 25 30 35 40]
The corresponding, bandc values obtained were:
a=[3.029 5.88 8.836 11.5 15.09 18.376 21.757 25.234]
b=[33.129 32.7 32.08 32.391 30.73 30.069 29.435 28.824]

c=1[0.733 1.375 1.992.641 3.192 3.7 4.326 4.873]
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Then using the polynomial fit function in Matlab to solve &b andc in terms
of thickness t, | found that thea and b curves were best fit with second order

polynomials and with a first order polynomial to get the following solutions

a = 0.0026t* + 0.5191¢t + 0.3801
b= —0.0015t% — 0.0620t + 33.5132
c = 01181t + 0.2064

Replacing these values af bandc in the original equatiof¥) above, we get

_ ( (0.0026 £* + 0.5191¢ +0.3801)
Hw (KV+0.0015¢% 4 0.0620¢ —33.5132) "5

) +0.1181¢ + 0.2064 (5)

wheret is the thickness of the relevant part of the scanned object. This equation was
found to provide results with an average accuracy of approximately 2.5% when compared
with the dataEquation(5) gives the relation heveenp,t, voltageandt. It can be used to
solve forany oneof the three variables when given the remaining Maw that the full

eqguation has been derived, we can go on to lay out the algorithm steps.

The partialdata algorithnprocessan be implementeid thefollowing steps These

steps are also illustrated in figure 22.

A. Scan an object during an arc event and collect measured imageyjiadatd

from a detector covered with coppey) @nd data from an unblocked reference
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detector(lp). The data contains thet. (copper) andl, t,, (water) needed for
subsequent calculations.

. Solve for voltage measured at a particular point,{kdh the rising voltage curve
using equation (3). We haye t. (measured) at the copper strip covedetectors.

. Equate theun, tto pwty based on our approximation that the body equals water.
Mm tm (Measured) # (v (estimated)t) as shown in equation (5).

. Using thep,, ty, from the image detector data aad,, obtained from step B, use
equation (5) to solve fdr(estimated) using an iterative method. This is the
thickness of water (in Figure 8) at the voltage kVandpty.

. Use this thickness of water to solve the following (also using equation (5)):

Mw tw (corrected) = (v (programmed)t (estimated)). kVe;shows the programmed
voltage in Figure 8.

This is the translated,, t, provided to the reconstruction system to fill in the
missing data during the arc.

. Repeat steps B through E for all points meagwn the rising voltage curve.
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to reconstruction

Step E
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The algorithm implementation requirthat the arstatusbe detected, select the last

> kV

Figure 22:Complete Process Implementation

few views to correcthen resethe corrected viewsThe corrected views will contain

good data athwe do not want those to be interpolated during the reconstruction steps.

Figures 23 through B showthis manipulation of the arc status for the algoritiwhere

we can seéhehardware line status durirggcs before and after the correction done in the
partial data algorithm implementatidfigure 2 shows the status of the hardware bit in

the data header from a scan performed on a system with special code installed to simulate
an arc every 100 i secondsSince the total length of the scan was about 300ms, we can

see 3 arcs during the entire 2400 vieWse vertical axis shows the hexadecimal values

55



of different reads made during the reconstruction process. For our specific purpose, it is

sufficient to knowthat the three spikes we see are representative of tseaarsoeing

high during the data points that they correspond to.
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F:WaiDissertation\SN7 SimplementationScans\hWay27 201011 20Kv319MA3
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@ ,
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e | 5
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e - [
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== A=) !
5 H
: 1 1 i DTSR s S S B BT R
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Value (binary): 200 400 600 B00 1000 1200 1400 1600 180Q 2000 2200 2400
B‘ny#: 5432109876543210 Data ol Nutmber
| Al i

Figure 23:Arc StatusDuring ThreeArc Events

Views are the number @fcquisitionghat take place during@mplete rotational

scanof 360 degrees of rotation around the patidlttis is a selectable number based on

how muchdatais desired from the scan (the higher the number of views stieaheach

view is of a shorter duration). The tall line is a rotatimhex markerwhich is a counof

rotations during the particular scan. So tme high valueshows that one rotation took

place during thiscan. Also, each arc event covers a number @fsyishown in detail in

figure 4.
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Figure 24:Uncorrected ArStatusShowingArc Lasting forTenViews

Here we can see that the arc event lasts 10 views, from view number 577 to 587.
This bit stays active till the voltage has fully recovered to the programmed value and the

level it was at before the arc event.

Figure 5 shows the hardware line statof the same scan data file header after
being processed through the partial data algorithm. The s\adtinethreearc events can
be seen to be narrower than the previous @astter seen in the smaller number of views

zoomed in figure &), which showghe correctedtatusafterthe partial data correction.
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Figure 25:Arc StatusAfter Correcton is Applied

Figure & shows the number of views during one arc event after correction using
the partial data algorithm. We can see that the same arc event igigiownly for 8
views as opposed to Xfbm the giginal data header in figure42This is because the 2
views have been corrected using the translation developed in this method and after
correction, the arstatuscorresponding to the corrected views are reset before performing

image reconstruction on the data.
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Figure 26:Arc Statusfor OneArc, after PartialdataCorrection

The reconstructiostepthen anly performs interpolation on the remaining 8 views
and the resultingmages include the translated data that has been collected during the tail
end of the arcThe method to find which points to correct during the arc period was
based on selecting a certain threshold of voltage value, winicbur case was
approximately 6@ of programmed value and then correcting data only above that
voltage levell used 60% because | found through experimentation that the signal below
60% was very low and close to the common noise levels in the data, which would make it
very difficult to differentiate from noise. When the voltage is low the signal to noise ratio
becomes very low and makes for unclear imagés. implementatiorof the correction

part of the procesis described in a simplified flowchart shown in figl#g which leads
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into the implementatiorand resultsof the partialdata interpolation algorithm in the

following chapter.

[ Scan Completed J

Bad Data

lags? Jr
Y Correct Data and Reset
the Bad Data Flag

Find Number of Total Bad
Data Groups = X

J, Mqve to the next bad data
Initialize Group Number point

N=1
Calculate kV atthe Last /\

Bad Data Pointof Group N

k<
N=N + 1 eshald ? N

Y

Leave flag set for standard
interpolation

Figure 27:CorrectionAlgorithm Implementation FlowcharEachDataGroup
RepreserganArc.
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CHAPTER 6

IMPLEMENTATION AND RESULTS

The final implemerdtion of the algorithm was codé Matlab, which was run on data
from a scan oma scanner with special arc simulation code, using copper strips on the
detectors to measure reahe voltage. The codead a routine to detect arc active status

in the data bader and apply the algorithm on data views cpmeding to the tail end of

the arcduration(only corresponding to the rising voltage detected by the copper). The
corrected view arstatuswasthen reset, and then the output data was run through a
regular reconstruction sequence, which performed linear interpolation on the remaining
arc bits. Thus, the result of our algorithm is a combination of standard interpolation and

partiatdata correctio.

The partialdata algorithm was implemented on data that was collected on a Philips
Brilliance iCT E, 256 slice scanner using
the tube voltage to shwofff during a scan and rise again just like dgra real arcCopper
strips of2 mmthicknesqtwo strips of 1 mm eachyere placed in the-ray path to detect
the rising voltage level, and the data was then processed using both the standard

interpolation and péal data algorithmsAll were axial scas performed at 120 KV, 919

mA, and 0.27 seconds duration at 220 RPM. The special code was made to cause an arc
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status every 60 ms, so 3 arcs were simulated during the 270 ms scan period. The power
supply, on seeing this arc status, would respond lik@assdo a real arc, by shutting
down the voltage production for 500 mieseconds (us) and then bringing up the voltage

to the requested value (another 500 us), thus creating an arc period of 1millisecond.

Figure B shows the setup used in the implementation and validation of the
partiatdata algorithm. It shows the copper strips placed over a small number of detectors
at one end of the array, which serve to measuretireal voltage in this case. The
phantom is the@bject being imaged and the images obtaiofethe two different objects

scannedare shown irfigures30through 3.

The algorithm is implemented after collecting data from the scan. The data in this
case includes those detectors covered by the copyesrptoviding information that can

be used to determine voltage during the arc portions of the scan.
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Figure 28:Experimental Setup

Note that the copper strips in this case have been placed on the scanner detectors
only for convenience, since we are only lookatga small section of the images for our
measurements and ignoring the area covered by the copper. In a system implementation,
this copper filter will need to be placed outside the field of view, preferably on a small
detector array placed in the collimatto make voltage measuremerfgyure 29 shows
anothersetup to implement the algorithm, with the phantom being replaced by a human

body to show how it would look during system implementation.
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