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. Ultrasonic imaging parameters
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nonlinear imaging
The echo return signal are a combination of fundamental and harmonic
signal components, the former being direct echoes of the transmitted pulse
and the latter being generated in a nonlinear medium, such as tissue

2. Second harmonic
second harmonic images have better clutter rejection and transmit
focusing but worse SNR compared with fundamental.

3. the harmonics exhibit a narrower beamwidth and lower sidelobes than the
linear component.separate the second harmonic from the fundamental
frequency:

(a) bandpass filter
fo 2fo
(b) pulseinversion
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5. higher order nonlinear ultrasonic imaging
We propose using higher harmonic components to gain more tissue
information and to improve SNR.

6 . How to extract the higher order nonlinear components

Model the nonlinear echo signal ( polynomial expansion of some basis
waveform)Solve the coefficient of this model (least squares inversion)

7. model

Transmit signal pi(t) = bj po(t) i=1....I
the same waveform with different complex amplitude (bj)
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estimated harmonic components: (B'B)*B's(t)

8. System nonlinearity
odd order system nonlinearities of circuit
— Voltage symmetric pulser and amplifier
To cancel the system nonlinearities
— by subtracting the linear echo
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9. Images
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nonlinear imaging issues
1.SNR
- blood issue
- noise
2.computational complexity
3.the number of successive scan lines
- thisrelatesto the color flow imaging rate
( )The butterfly search technique
1.Can overcome the tradeoff criterion between image resolution and
velocity resolution.
2.Combines some of the best features of time domain and Doppler methods.
3.Isreliable in hardware without exensive correlation calculations
( )RF or envelope search-- a time domain technique
L1.if the trajectory matches the scatter movement, all the data samples would
have the same value and their variance will be zero.
Noise --variance is minimum
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theenvelopee(n,t) for thenth RFA -line
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r(t) : theenvelopeof the transmitted pulse
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After interpolation
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The estimated velocity
V= min{ var(e,,[n])}

[1]“ Tissue elasticity reconstruction based on ultrasonic strain measurements”
[2]” Tissue elasticity reconstruction based on ultrasonic displacement and strain
images’

[3]” Modeling and measurement of cryogel elasticity properties for calibrating of
IVUS elagticity images’

[4]” Evaluation of elastic property of the arterial wall by measuring small
velocity signals using ultrasound”

[5]” Reconstruction of elastic modulus distribution from envel ope detected
B-mode data’

[6]” Reconstructive elasticity imaging for large deformations”

[7]” Theoretical analysis and verification of ultrasound displacement and strain
imaging’

[8]" Tissue élasticity reconstruction using linear perturbation method”

[9]” Elastography: a quantitative method for imaging the elasticity of biological
tissues’

[10] " The butterfly search technique for estimation of blood velocity,”

[11] " Reduction of comptational complexity in the butterfly search technique,”
[12] “ Application of high frequency resolution blood flow measurement,”

[13] “A new wideband spread target maximum likelihood estimator for blood
velocity estimation. 11. Evaluation of estimator with experimental data”

[14] “Higher-order nonlinear Ultrasound Imaging ”



