Class 7:Arrays

© Arrays

© Grating Lobes with Linear Arrays

~ Phased Arrays and More Grating Lobes

~ Pulse-Echo or Transmit-Receive and Dynamic Receive Focusing
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Most Common Transducers
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Array Beamforming
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Beam From Subaperture
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~ FOV smaller than
array

~ Wider beam, any
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ldeal Array of point sources
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Subaperture Array of Point Sources
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Subaperture Array of Finite Width Sources
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Steering
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T

Scanning
Direction

Utilizes the entire aperture for
each scan line

Electronic sector scanning is
achieved through varying the
steering angle 0




Steered Subaperture Array of Finite Width
Sources
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Beam pattern follows the envelope

Grating lobes at 60°

Steered 15° to right
Main lobe intensity decreases
Grating lobe intensity increases
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Grating Lobes

Energy goes into the near field from grating lobes

*— Side Lobe L
0z = Grating lobe angle

A = Wavelength in medium
P = Element spacing “pitch”

Grating Lobe
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Correcting for Grating Lobes

© If the element spacing is less than A, the grating lobe is greater than 90 degrees

Intensity

Grating Lobe
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rating Lobe Artifacts
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Pulse - Echo

* Because US is pulse-echo, we are concerned
with both the transmitted pressure field (Tx)
and the receiver sensitivity (Rx)

— Rx sensitivity is the locations in the field where the
receiver is sensitive to incoming waves

* Rx can be determined using the principle of
acoustic reciprocity
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Acoustic Reciprocity

* The receiver sensitivity is equal to the
transmit diffraction pattern of the receiver
acting as a source

Rx = cos(nDf,)



Pulse Echo Sensitivity

* The pulse-echo beam pattern (i.e. the
sensitivity of the ultrasound system) is equal
to the product of the transmit diffraction
pattern and the receive sensitivity pattern:

B(x, y) = TX(X, y)RX* (X, y)

nd

cos(mDf,)

cos?(nDf,)=
§ 1+2cos(2nDf,)



Transmit Beamforming: Plane Wave
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Transmit Beam
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Receive Beamforming

* Transmit beamforming in reverse:

Signal Alignment
A—E—
N
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Scattering Medium

Use same equation as before to compute time delays for receiving!



Rad225/Bioe225

Transmit Focusing at Different Depths
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Dynamic Receive Focusing

© Continuously adjust the delays

System Time Delays
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Dynamic Focusing on Receive




Dynamic Receive Focusing

Rad225/Bioe225

Fall 2019

© Continuously adjust the delays
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Receive Beamforming
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Unfocused signal received from Focused signal using time-delays: RF Sum
the near field Note how wavefronts appear as

“plane waves”
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Transmit Beamforming Only

2 0 2 2 0 2

2 0 2 4

4



Dynamic Receive Beamforming
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