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Focusing with Phased Array
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Focusing and Steering
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Dynamic Focusing
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Doppler Effect

transducer
(frequency )
Doppler frequency (fd)= 2. ft. V. cos i3
¢

A fd- doppler shitt

P ¢ -igsspeedof sound in tissue
ft - transmited beam
W - velocity of the blood
0 - angle of incidence between the ultrasound

heam and the direction of the flow

Higher Doppler frequency ohtained if:

- velocity is increased

- beamis more aligned to flow direction
- higher frequency is used

Z

flow velocity = VV
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Doppler Effect

Af = 2vf, _ 2vf,

c—-V C

Example

v =50 cm/s
c= 1500 m/s
fO=5 MHz

2o _ 3333 Hz
C
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CW Doppler
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CW Doppler
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CW Doppler

Resolution Af =1/T

obs

Lo e
2f0 27—:)bsf0
Example

Design goal: Av=5cm/s; f,=5 MHz

oo ¢ 1500m/s
" 2AVf,  2(0.05m/s)(5%10°)

=3ms

Note that for a depth of 15 cm, it takes only
200 usec for echos to return.
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PW Doppler
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PW Doppler
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Aliasing
Measure Doppler shifts at a specified range
For unambiguous range, one pulse at a time.

T = L (e.g. 200 usec for 15 cm depth)
c

To avoid aliasing require

1 .
T—PR > 20
A A
* 4+ ¢+ -t ¢t ¢
Af Af <« -Af
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Aliasing
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Aliasing
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Aliasing
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PW Doppler

Velocity Resolution (same as with CW)

T, > 1 __c
A 2AVf,

Range Resolution

. ) . CT uise
Want to interrogate velocities from a small region Az = —24

We also need to make sure that particles remain within this region

over the observation time T, _

Az T,
_ pulse

VmaxT:)bs < AZ = T;Jbs < - 9
V max V max
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PW Doppler

Design Example

R,x=6cm = T, =%y6nn;s)=80 usec

L > 2Afmax = 4vmaxf0
PR ¢

¢ >
v
max
4TPR f 0

= for f, =5MHz we find that v, <93.75cm/s

X

If we choose Av =1cm/s then T = — & _i5ms
2Av

maxJ 0

Range resolution: Az>v T, 6 =1.4cm

max ~ obs

2A

T =222 _188usec
C

pulse =
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