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 Reduce speckle
◦ Improve contrast

◦ Preserve key features

 Significance:  improve diagnostic ultrasound
◦ Earlier detection of cancer

◦ Easier identification of small, threatening lesions
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Delta Excitation

t (s)
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Preenhanced Chirp

Convolution Equivalence for 2x BW

h1(n)

h2(n)

y(n)

vPRE(n)

vLIN(n)
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Dr. Sanchez’s study
- averaging schemes

Filter banks

I1 I2 I3 I4

Iwhole

I1 I2 I3 I4 -Partially 
decorrelated speckle

More contrast
More blurring
Less speckle
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Dr. Sanchez’s study – averaging schemes

Average of images generated at different
subband widths
- Improve contrast
- Minimal loss of resolution
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 Moving, overlapping window

 (n x n), odd n
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Window at time t=2

… …

… … …

… …

Filtered Image

Window at 
time t=8



Median of pixels in a moving window
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Subwindow m x m inside n x n window, m = n – 2

Mean region of smallest speckle index (σ2/ȳ)
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 Lee
◦ klee = (1 - ȳ2σ2) / ( σ2 (1 + σn

2) )

 Local Statistics Filter
◦ Estimate σn

2 = Σ σ2/ȳ

◦ f = ȳ + k( y - ȳ )
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Iterative approach using neighboring pixels:
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NW N NE

W ☼ E

SW S SE
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Iterative approach based on anisotropic diffusion 
model
◦ Smooth image in homogeneous regions
◦ Preserve edges
◦ Image altered by solving a nonlinear PDE
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 Contrast-to-Noise Ratio (CNR) [5]

◦

19

22

TB

TBCNR











 Comparative Signal-to-Noise Ratio (cSNR) [2]
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 Mean Squared Error (MSE) [2]

◦
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 30 tissue-mimicking phantoms
◦ Hyperechoic (+6 dB contrast)

◦ 20 scatterers per resolution cell volume

 Based on real single-element transducer
◦ Center frequency = 2.25 MHz

◦ f/2.66
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CP
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CP SRAD
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 Reduce speckle and improve contrast while 
preserving features

 Quality of ultrasound improved

 Results & the Future
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 Patents:
◦ U.S. Provisional Patent Application, Ser. No. 

61/029,479, filed Feb. 18, 2008, by Dr. Oelze, 
entitled “Ultrasonic Imaging Speckle Suppression 
and Contrast Enhancement Technique.”

 Anisotropic Diffusion

◦ Nonlinear PDE
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 Geometric Filtering
◦ a = left/top pixel, b = center pixel, c = right/bottom pixel

◦ if a ≥ b+2, b = b+1;
◦ if a > b ≤ c, b = b+1; 
◦ if c > b ≤ a, b = b+1;
◦ if c ≥ b+2, b = b+1; 

◦ if a ≤ b-2, b = b-1;
◦ if a < b ≥ c, b = b-1;
◦ if c < b ≥ a, b = b-1;
◦ if c ≤ b-2, b = b-1;
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 REC Technique 
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