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Ultrasound Imaging (35 points total)
-

1. (J6pt) ,
Properties of an ultrasound transducer:
1) Thickness of the piezoelectric crystal
ii) Matching layer impedance
iii)  Bandwidth
1v) Aperture
V) Spacing between transducer elements

Which transducer properties affect the following characteristics (list all that are relevant)?

(2 pts each) o leant
a) Axial resolution ), i), i) - 0 )L Fwo HHeme owal o e s
b) Lateral resolution 1), 1v), v) - «\/&G/\/\ 59/@/)6 ( (9 +
¢) Attenuation 0, ‘ ’ Lo
.d) Maximum steering angle v) HC of leart pw Lo v
¢) Depth of field i), iv), v) ' . N Of[lg,hm(}’ { \’f’

R A

2. (20 pt).

a) (5 pt) For a clinical imaging application, you need to have a penetration depth
(distance below skin / transducer) of 8-cm. What is the maximum frame rate (images per
second) for a 256-line image at that depth?

[assume the sound speed, ¢ = 1540 m/s]

Propagation length =8x2 =16 cm = 0.16 m

Time per line=0.16/ 1540 ~ 104 ys

Time per image = 104 x 256 ~26,600 ys = 26.6 ms

Frame rate = 1/26.6 x 107 s ~ 37 images per second (accept 30-40 Hz)

b) (5 pt) What would be the maximum frame rate (256-line image) if the depth were only
8-mm instead of 8-cm?

Propagation length = 8x2 =16 mm = 0.016 m

Time per line = 0.016 / 1540 ~ 10.4 us

Time per image = 10.4 x 256 ~2,660 ys = 2.7 ms

Frame rate = 1/2.7 x 10~ s ~ 370 images per second (accept 300-400 Hz)

¢) (5 pt) You are given two transducers, one operating at 5-MHz and one at 50-MHz.
Which transducer would you choose for application a)? Which one for b)?

a) 5-MHz; b) 50-MHz

d) (5 pt) For each of the two transducers, estimate the signal loss due to an object at a
depth of 2 cm below the skin (expressed as a percentage of the transmitted amplitude).




[Assume attenuation = 1dB/cm/MHz, and recall that 20-dB is a 10x loss in signal
amplitude.]

Depth 4-cm: Propagation length =2 x 2 =4-cm
Trans a): Attenuation = 4 x 5 = 20 dB, or 10x signal loss, i.e., 10% of transmitted signal
Trans b): Attenuation = 4x50 = 200 dB or 101% signal loss, i.e., 10 % (essentially 0).

3. (5 pt) As you scan a patient with a 5-MHz transducer, you notice there is an artery that
is oriented in-line with the propagation direction of ultrasound from your transducer and
that the maximum Doppler shift detected is 15-kHz. Estimate the peak blood velocity
within the artery.

[Recall the Doppler equation is 3 = 2f; v cos8 / ¢, and assume the speed of sound in
blood is 1600 m/s]

08=0, cosb=1,
From Doppler equation:
V= cfd/2f0
= (1600 m/s) x (15x 10%/s) / (2 x 5x 108 /s)
=24 m/s




