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Why are we interested In
measuring blood flow ?

A Hemodynamic changes occur in a wide
range of diseases

A 36 % of all death in Denmark results
from cardio vascular diseases
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Problems of existing methods

A Only the axial velocity component is
measured

A The flow angle must be known for correct
velocity estimation

A Traditional methods gets imprecise for flow
angles under 75 degrees and breakdown for
flow angles of 90 degrees
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Example of velocity estimation
at 90 deqrees

QuickTimeE and a
TIFF (LZW) decompressor

are needed to see this picture.

Qui ckTimeE and a

TIFF (LZW) decompressor
are needed to see this picture.
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Recleve focusing In
Ultrasound
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Introduction to Directional
beamforming

OOOEDa0aToaTy

Focus lines along the direction
of flow

Cross-correlate to estimate the L
- elocity
absolute velocity profile

the vessel
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Angle determination

Beamform lines in a range from
[0;180] degrees

Calculate the correlation
coefficient for the individual
angles over emissions

The true angle is identified as the
angle that produces the highest
correlation

40 60 80 100 120 140 160 180

Angle of beamform, ¢ []
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Problems encountered

1. Angle determination gets unstable when a
substantial clutter is present after clutter filtering

2. When the angle determination fails the velocity
can no longer be found
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Improvement of the method

1. Spatial averaging applied to the angle
estimator in the axial direction.

2. Post correlation clutter filtration is applied
to the angle estimator
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Spatial averaging

3 lines with a interline distance of a
wavelength is used for the angler estimator
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Post correlation clutter filtering

1. The cross-correlation between two
directional signals containing clutter,

corresponds to the correlation of the signals

without clutter added with the auto correlation

of the clutter

2. The auto correlation of the clutter peaks at lag zero
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Post correlation clutter filtering

1. The filtration is done by ignoring peaks
laying around lag zeros when calculating the
correlation coefficient
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RASMUS

A

To To T o

Remotely
Accessible
Software programmable
Multi-channel
Ultrasound

System

40 MHz, 12 bits sampling of 64
channels (128 multiplexed)

128 arbitrary transmitters
16 GBytes storage for data

Controlled in Matlab over the
network
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In-vivo examples
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In-vivo examples
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