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POLLAKRIT TOONKUM : 3D ULTRASOUND IMAGE RECONSTRUCTION OF

CAROTID ARTERY BIFURCATIONS BY CYCLIC REGULARIZED SAVITZKY-

GOLAY FILTERS. THESIS ADVISOR : ASSOC. PROF. CHEDSADA CHINRUNG-

RUENG, Ph.D., THESIS CO-ADVISOR : PROF. NIJASRI CHANNARONG, M.D.,

108 pp.

247732

This dissertation presents a new three-dimensional (3D) ultrasound reconstruction
algorithm for generation of 3D images of carotid artery bifurcations from a series of two-
dimensional (2D) B-scans acquired in the mechanical linear scanning framework. Unlike
most existing 3D ultrasound reconstruction algorithms, which have been developed and
evaluated in the freehand scanning framework, the new algorithm has been designed to
capitalize the regularity pattern of the mechanical linear scanning, thus resulting in less
reconstruction times. The new reconstruction algorithm, referred to as the Cyclic
Regularized Savitzky-Golay (CRSG) filter, is a new variant of the Savitzky-Golay (SG)
smoothing filter. The CRSG filter has been improved upon the original SG filter in two
respects: First, the cyclic indicator function has been incorporated into the least square
cost function to enable the CRSG filter to interpolate nonuniformly spaced data of the
unobserved image intensities contained in unfilled voxels and reduce speckle noise of the
observed image intensities contained in filled voxels. Second, the regularization function
has been augmented to the least squares cost function as a mechanism to balance
between the degree of speckle reduction and the degree of detail preservation. The CRSG
filter has been evaluated and compared with most existing reconstruction algorithms, on
reconstructing clinical 3D carotid artery bifurcations. This preliminary evaluation indicates
that the CRSG filter is more effective in both speckle reduction and reconstruction of 3D

ultrasound images than the other methods.
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A priori knowledge
Acoustic

Algogithm

Anatomy

Aperture
Approximation
Array

Artifact

B-scan

Bandwidth

Carotid artery bifurcation

Cartesian

Complexity
Convolution

Cross section view
Cyclic

Echo, Echoes
Electromagnetic field
Elevation

Ensemble average
Filled voxel

Freehand

Gray-level image
Hand-held probe
Homogeneous region
Indexing function
Indicator function
Inhomogeneous region

Interference
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Interpolation

lonizing radiation
Least-squares function
Line of sight

Linear

Local statistic
Mechanical
Mechanism
Neighborhood
Non-invasive
Normalize
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Objective evaluation
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Pixel
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Post-process
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Scan

Segmentation

Signal to Noise Ratio (SNR)
Slice

Spatial

Speckle noise

Threshold

Tissue

Transducer

Transition region
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Ultrasound

Unfilled voxel

Volume coordinate system
Voxel

Voxel neighborhood
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