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Estimation velocity algorithm 2

Estimation velocity spectrum 3

flow estimation and measurement 4

Non-stationary flow estimation 1

S. K. Alam and K. J. Parker,” The butterfly search technique for estimation
of blood velocity,” Ultras. in Med. Biol.vol. 21, pp. 657-670, 1995.



Evaluation of estimation
techniques

e Computational complexity

e SNR
— Blood backscatter i1s weak

— The estimation technique must perform well in
noisy situations.

* The number of successive scan lines
— Thisrelates to the color flow imaging rate



The butterfly search technique

e Can overcome the tradeoff criterion
between image resolution and velocity
resol ution.

e Combines some of the best features of time
domain and Doppler methods.

e |sreiablein hardware without exensive
correlation calculations.



The envelope of echoes from a single reflector
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Movement of envelope on the time frame with the
movement of the scatter



RF or envelope search
-- atime domain technigue

If the trgjectory matches
the scatter movement,
all the data samples
would have the same
value and therr variance
will be zero.

Noise
—svariance I1s minimum
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Butterfly lines signifying different velocities



theenvelopee(n,t) for thenth RFA -line

ent) = Art-29+2n¥eT)  n=012..N-1.
C C

r(t) . theenvelopeof the transmitted pulse
To samplee(n,t) at its maximum value

(t—22+2nﬁT)=O () maximizesatt=0
C C
In thediscretetimeform
(I——29+ ZnET) =0 I:integer
f C C

After interpolation

e [ = e(nt)s(t— 23 + 2n2T)
C C

The estimated vel ocity
\7 =l n{ Val‘(eBV[ n])}
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Nonlinear ultrasonic Imaging

Circuit | Method Apparatus System Process
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reducing the amount of computation

Designing an array transducer

Higher order harmonic
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B.H. H.and R. Y. C., “Ultrasound Imaging With Higher-Order Nonlinearities’
, US patent 6063033, May 16, 2000.



| ntroduction

« Fundamental and harmonic signal components
— Direct echoes of the transmitted pulse
— Generated in anonlinear medium
ex. tissue

e Second harmonic
— Worse SNR compared with fundamental
— Improve image quality (Clutter rgjection )
* Higher harmonic
— SNR ?7?7?



Separate the second harmonic from the
fundamental frequency

e Bandpassfilter
— A transmitted signal centered at fo
— Therecelvefilter is centered at 2fo
— Challenge : bandwidth requirement
passband : (fo-B/2) to (2fo+B)
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Method to extract the higher order
nonlinear components




Transmit signal p(t) = b, p,(t) 1=1....1
b, : the same waveform with different complex amplitude

S(t) = ZN:aan”q”(t) 1 =1....|

b b’ ... b'|ag
b, b2 - b)|ag’

= S(t) =
2 N 3
_bl b| b| __asq |
received complex (B) harmonic
echo signals excitation components

estimated harmoniccomponents: (B'B)™*B's(t)



e Odd order system nonlinearities of circuit

System Nonlinearities

— Voltage symmetric pulser and amplifier

e To cancel the system nonlinearities
— by subtracting the linear echo
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Elastic modulus

 Elastic constant
— Y oung's modulus, shear modulus,
bulk modulus

e Young's modulus
By 31+2u

A+

e For softtissue E=3p



Device Circuit Method Apparatus System Process Total
Elastic 2 0 16 6 0 3 15
modulus
Total 2 0 16 6 0 3 /

amount
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Reconstruct elastic modulus [1]

 Elasticity imaging
— Measurement of tissue displacement using
speckle tracking algorithm
— Measurement of strain tensor component

— Spatial distribution of the elastic modulus using
strain images



Cont’d

Constitutive equation oy = PO, +2ue; I, =123

Static equilibrium equation >—+=0 =123
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Cont’d

Relation of two RF images envelop intensity Static equilibrium eq
f,06 Y)=(1-K)  fy(x-uy, y-u,)

0 0
& (Zzu(zgxx + gyy)) + 5 (Zlugxx) =0

i Taylor expansion

%(Zuexy) + a% (2uu((e + 22,,))) =0

(F,F)+ufru f +kf,=0

i The least squares estimation

Minimize J=[[s(f, +u,f, +u,f, +ki)*dxdy

Finite e ement method

'

Estimate 2-D displacement(u, u, ) distribution J

i Spatial derivative
A 4

Strain tensor Shear modulus




|mplement

 Make a gel-based phantom

o Select RO
e Spatio-temporal derivative method
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