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(a) (b)

(c) (d)

Figure 30: (a) Vector flow field of PC measurement. (b) Intensity map of PC
measurement. (c) Stream lines of CFD calculation. (d) Intensity map of CFD
calculation. Colors can not be directly compared between images in this figure.
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4.6. COMPARISON OF CFD, PC AND OPTICAL FLOW 47

(a) (b)

Figure 31: (a) Vector flow field from Optical Flow. (b) Intensity map from
Optical Flow.

the b-SSFP sequence takes about a minute. Fluctuations in the flow pattern will
therefore be more likely to eect the PC recording, while there is more averaging
over time in the b-SSFP sequence. Secondly, even though the planes of the two
measurements were located the same place, there is a dierence in slice thickness
between PC and b-SSFP (used for Optical Flow). The PC sequence has a slice
thickness of 5 mm, while the b-SSFP is set to 8 mm. Because each image is a
spacial mean of the respective slices, the PC and b-SSFP is actually not a flow
calculation performed on the exact same volume.

Figure 30 (a) and (b) show the PC result, (c) and (d) the CFD result, while
the results from Optical Flow is given in figure 31 (a) and (b). It is seen in figure
30 that PC and CFD show very good resemblance. There is almost no dierence
in flow pattern between figure 30 (b) and (d). Color values can not be compared
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(a) (b)

(c) (d)

Figure 30: (a) Vector flow field of PC measurement. (b) Intensity map of PC
measurement. (c) Stream lines of CFD calculation. (d) Intensity map of CFD
calculation. Colors can not be directly compared between images in this figure.
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possible to see the resemblance with the bended part of the phantom, for instance
in figure 18 on page 27. The MRI image shows an abdominal aorta aneurism on a
74 year old woman. The images of this patient was not acquired for this project,
and therefore unfortunately no PC measurements are available. The conditions
are significantly di◆erent from the phantom, as pulsating flow, compliance of the
vessel wall, di◆erent viscosity etc., must now be taken into consideration. In spite
of this, the Optical Flow method is able to track the blood flow in the human
aorta aneurism. The results are presented in figure 32, and is a mean of the 29
flow fields calculated from 30 b-SSFP images. The results are not as convincing
as the ones calculated for the aorta phantom. Still a flow pattern similar to those
seen in section 4.6 is visible, with the highest velocity in the beginning of the
aneurism following the stenosis, and a jet that is pushed towards the vessel wall
on the right and is then deflected outwards against the opposite vessel wall.

4.10 Optical flow on heart phantom

(a) (b)

Figure 33: (a) Flow phantom of a left ventricle. (b) b-SSFP image from the
image series used for Optical Flow calculation of the phantom.

In this section the Optical Flow method and PC will be applied on a phantom
of a left ventricle (Figure 33), to show the algorithm perform on a di◆erent flow,
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(a) (b)

(c) (d)

Figure 34: (a) Vector flow field from PC measurement. (b) Intensity map from
PC measurement. (c) Vector flow field from Optical Flow. (d) Intensity map
from Optical Flow.
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The third and last suggested source of error is when computing the mean of
the individual flow fields. As seen from figure 15 on page 24 (a) and (b), in each
individual flow field, there are areas with flow that follows the expected trends for
flow in a vessel and other areas where it does not. As a solution to this we tried
to compute a flow field, that was a mean of all the individual flow fields. This
approach produces decent flow patterns, at least for continuous flow (pulsating
flow will be treated briefly in section 4.9). Computing mean flow fields has another
side e◆ect though; computing a mean flow field from individual fields, which all
contain areas that falsely indicate no velocity and no areas with estimates too
high (concluded in the last paragraph), one will always get mean values that are
too low. These are low even compared to the maximum values of the individual
flow fields, which are already low compared to PC. Looking at table 3 again we
notice, that for zero dummy pulses the highest value in the mean flow field is
0.62 cm/s, while the maximum value in all of the individual calculations of the
sequence is 3.05 cm/s (Figure 5). This illustrates that the necessity to mean the
flow fields produce lower velocities.

4.9 In vivo aorta

Figure 32: Optical Flow calculation of flow in abdominal aorta aneurism.

In this section the Optical Flow method will be used on an in vivo aorta,
for the purpose of showing that the method can also be used in physiological
cases. The aorta in figure 32 is actually the aorta that was segmented and used
as a model for the aorta phantom. Looking at the MRI image on figure 32, it is
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