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Abstract

The 2D and 3D Images are reconstructed using several imaging modalities like SPCET, PET and CT, there are
several reconstruction algorithms are exists. The image reconstruction algorithms play an important role in the successful
applications like medicine, non destructive testing/evaluation, astronomy etc. In computerized tomography (CT), various
image reconstruction algorithms have been used. Hence this paper mainly focuses on the review and discussion of recent

developments in CT image reconstruction algorithms.
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Introduction

The first practical CT instrument was developed
in 1971 by Hounsfield in England. Computed
tomographic images are reconstructed from a large
number of measurements of X-ray transmission through
the patient. (called projection data) The resulting images
are tomographic “maps” of the x-ray linear attenuation
coefficient. Since the CT technology developed
dramatically, Projection data are typically acquired in
approximately 1 second, and the image is reconstructed
in 3 to 5 seconds.
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Figure |
Schematic drawing of a typical CT Scanner
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Projections data can be acquired in one of the several
described geometries are Scanning configuration,
scanning motions, and detector arrangement. The
reconstruction algorithm used based on type of
projection measured. The paper is organized as follows.
Section 2, describes the image reconstruction techniques.
Section 3, the analytical reconstruction methods are
briefly discussed. Section 4, represents iterative
reconstruction method. Section 5, provides the recent
developments in CT.

Image reconstruction Techniques

The main aim of computed tomography (CT) is
to reconstruct an image from a set of measured
projection. The projection data is acquired at various
angles from 0 to 360 degrees. It applies only to obtain
cross-sectional images of patient body. In CT, an image
must be reconstructed from projections of an object. Two
major categories of method are exists, analytical and
iterative reconstruction.
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Types of reconstruction methods

Analytical Reconstruction Algorithms

Analytical methods are very efficient and
elegant, because currently used on clinical CT scanner.
Analytical image reconstruction methods are important
when the computation time is so limited that an
approximate solution is acceptable.

Filtered back projection method (FBP)

The most commonly used algorithm for
tomographic reconstruction is filtered back projection.[6]
The name implies, it consists of two steps, the projection
data are first filtered then the filtered data is linearly
smeared back along ray paths to form image pixels. The
filtered back projection is one of the fastest
reconstruction method .But always has artifacts in the
image. The reconstructed image function is
mathematically expressed by

f(x,y)=f0n Q,(xcosf + ysinf) d
where Qg (t) = f_oooo S (W)|W|ej2nWt dw

Detectors
ﬂ' Preproce ga\t/v
Scan ssing ala
Data U
Convolved
Data
Image Back
Data Projection
Figure 111

Flow process of image construction

The steps described in the above diagram

1. Measurement or Scan data: Data arises from
detectors. This data needs to be preprocessed to
eliminate artifacts.

2. Raw data: It is the result of scan data being
preprocessed.

3. Convolved data: Filtered back projection is the
algorithm used by modern CT. It requires filtering
and then back projection raw data is filtered using
mathematical filter or kernel.

4. Image or reconstructed data: Convolved data that
have been back projected into the image matrix to
create CT images displayed on the monitor.

Fourier transforms (FT)

Fourier transform is one of the important
concepts in image processing tool which is used to
decompose an image into its sine and cosine
components. The output of the transformation represents
the image in the Fourier or frequency domain, while the
input image is the spatial domain equivalent. It is used in
a wide range of applications like image analysis, image
filtering, image reconstruction and image compression.

f(x, y)

F (u, V)

Fourier space image space
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The two dimensional Fourier transforms is
given by F(u,v)=F[f(x,y)]=

I2 02 f (e, y)e T 3m @) dxdy

The inverse Fourier transform is given by f(x,y)=F-
1[F(u.Vv)]=

I= 7 F(u,v)el ) dudy

Iterative Reconstruction Algorithms

To lterative algorithms has several advantages
than the analytical method. This method is mainly
applied in emission tomography modalities like SPECT
and PET. It can reduce image artifacts, because this
approach get correct solution using multiple iterative
steps, allows to obtain a better reconstruction at higher
computational time. lterative algorithms approach to
include improved insensitivity to noise and capability of
reconstructing an image in the case of incomplete data.
Some of the factors more incorporated such as focal spot
and detector geometry, photon statistics, x-ray beam
spectrum and scattering which yields lower image noise
and higher spatial resolution.
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Figure IV
Flow chart of iterative image Reconstruction scheme

Algebraic reconstruction method (ART)

ART is an iterative algorithm for the
reconstruction of images from a series of angular
projections. It consists of three steps. First one is the
make an some initial guess at the solution. The second
one is the computes projection based on guess and the
third one is the refining the guess depends on the
weighted difference between the actual projection and
the desired projection.

Statistical Reconstruction (SR)

This method is mainly used in SPECT and PET.
It is relatively fast reconstruction and reducing image
noise. Statistical reconstruction is broadly classified into
Gradient & conjugate gradient (CG), Maximum
likelihood expectation maximization (MLEM), Ordered
subsets expectation maximization (OSEM) and
Maximum a Posteriori(MAP).

Recent developments in CT
It is a multiline scanning technique, which

ISSN: 2349 — 4891

offers detailed internal structure of the body with fast
scanning speeds. There are two categories, one is
sequential CT and the second one is spiral CT. The use of
spiral CT has significantly shortened scan time than the
sequential CT. The modern clinical CT offered the
capabilities:

e Complete coverage of organs in a single
respiratory position.

e Short scan times (resulting in fewer motion
artifacts and a lower contrast medium
requirement).

e Additional diagnostic information due to
improved resolution (thinner slices) and 3D
visualization in routine operation.

e Special cost-effective applications based on
spiral CT.

There are several examples are CT examined:
head, neck, thorax, spine, abdomen and extremities.

Conclusion

The focus of this study is to familiarize various
image reconstruction algorithms. There are multiple
mechanisms comes under image reconstruction has been
explored, through this review. This work also points out
pros and cons of those techniques. Further, this literature
study identifies that the iterative approach on image
reconstruction methodology has an edge over analytical
approach.
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