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Outline

% Introduction of Ultrasound Image
% Image Based on a Generalized Rayleigh Distribution

% Applications

% Concluding Remarks




Introduction of Ultrasound Image

% Medical Imaging

% Advantages and disadvantages

% How to create an ultrasound image




Medical Imaging

Optical imaging

MRI Scanner Cutaway

X-ray imaging

MRI imaging Ultrasound image
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X-Ray Imaging
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Radiation of X-Ray imaging
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The effects of Radiation
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Trade-off of X-Ray imaging

% Relatively low-cost investigation with a high
diagnostic
& Chest X-Ray, bony fractures, bony pathology, foreign
objects, dental radiography, Computed tomography (CT)




MRI 1maging

% Advantage
&l non-ionizing radiation
& Best suited for soft tissue
& For brain, MRI is superior

% Disadvantage:
& Expensive
<1 Not portable
& Suffers from motion artifacts




Advantages of ultrasound imaging

% Noninvasive

% Soft tissues

% Real time

% Portable

% Non-ionizing

% Good resolution

MNatlional Cheng Kung University



Weaknesses of ultrasound imaging

% Penetrating bone: transcranial ultrasonography

% Gas: lung imaging is not possible

% Depth may be limited for obese patients

% Operator-dependent

% The location Is determined under the assumption t_hat

sound speed is fixed. ﬁ@'
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Create an ultrasound image

% Producing a sound wave
% Receiving echoes
% Interpreting those echoes




Sound wave
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Ultrasound

% Acoustic waves with frequencies higher than 20 kHz
% Need a medium to propagate

% Longitudinal wave

% Non-ionizing radiation

iedionl and Dectruotiys
an_rﬂ-lﬂl'ﬂlﬂmil Diagnoctio and NDE
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Producing a sound wave
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Wavelength, A

Pressure
e I amplitude
Resting or
ambient pressure
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Recelving echoes
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Recelving echoes
% Pre-amplification
% Depth (Time) Gain Compensation
% Compression
% Demodulation

% Other signal processing

Mational Cheng Kung University



Interpreting the echoes

% A-mode: Amplitude

% B-mode: Brightness
% M-mode: Motion
% D-mode: Doppler

% E-mode: Energy

% Natlonal Cheng Kung Un h.rersﬂr,r




What can a mathematician do?

% For example, Reducing noise
or speckle

& It may not be useful for an
experienced doctor.

% Can we give more information
from those echoes?

% Is it meaningful?
% How do we use them to help
patients?

A VERY LONG WAY
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Image based on a generalized
Rayleigh distribution



Lord Rayleigh, 1842-1919

% Discovered the element: argon
&1 Nobel Prize for Physics in 1904

Discovered the phenomenon: Rayleigh scattering

Predicted the existence of the surface waves:
Rayleigh waves
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Scattering

scattering

/i/ /’ Rayleigh
P

Mie Scattering,

% Size of particles (S) il _
% wave length () B
% S << \: Rayleigh scattering arge particl

% S ~ A: Mie scattering

% S >> ). Geometric optics (scattering)
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Blue Sky, white cloud, and red sunset




Why? Rayleigh scattering

Rayleigh scattering
fram air molecules

1 The atrong wavelength dependence of

T . I — Rayleigh scafttering enhances the short
LA | ;,:‘ wavelengths, giving us the blue sky,
e " .'1
# : — The scaftering at 400 nm is 9.4 timas
Hﬂﬁ'ﬁ:;ﬁﬁ;"hﬂﬁr Observer 1 as great as tha: at 700 nm for equal
incident intensiiy.

http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html

Percent Scaltering of Direct Sunlight
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Scattering properties In tissues?

Tissue

Incident wave
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Scattering signals

Scattering behavior should depend on scatterer structures




