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Background

Farnebäck Optic Flow

3D echocardiography has enabled new clinical applications of
ultrasound related to both interventional guidance and quantification of chamber characteristics (e.g. volumes, function).
However, image quality may be hampered by dropouts in the
image as well as limited field of view. By compounding data
from several overlapping images, a volume with extended field
of view can be formed.

Farnebäck optic flow [1] uses a polynomial expansion method
to convert the image into a polynomial basis weighted by a
Gaussian function.
f (x) ∼ xT Ax + bx + c

Results
The result of the evaluation of the accuracy
with simulated echo volumes is shown
in the table to the right. The comparison of NCC before and after registration
with the proposed method and a voxelbased method using the AIRWC toolbox is
shown in the table on the far right.

Registration error
Overlap region
Rotation x direction
Rotation y direction
Rotation z direction

NCC comparison
0.54 ± 0.17 mm
0.21 ± 0.11 ◦
0.05 ± 0.02 ◦
0.18 ± 0.28 ◦

Before
Proposed
AIRWC

0.88 ± 0.04
0.93 ± 0.02
0.90 ± 0.04

P-value
Proposed v AIRWC

<0.0001

Two examples of a registered volume pair using the proposed method are shown below. One case is of good image quality and
another with ribs artefacts present.
A 3D method based on Farnebäck optic flow is proposed to perform registration between ultrasound images taken from different orientations as the first step of data compounding. It
utilises signal decomposition into polynomial basis functions
and solves the transformation between the volumes analytically.

It assumes that in the second image, the same image data exists
but at a displaced position
f2 (x) = f1 (x − d)
The displacement between the images is computed as:

Validation
was sampled from an actual
wide angle 3D recording using a methodology previously
described [2]. The synthetic
probe was rotated around the
apex to emulate tilting of the
sector. A total of 4 volume
pairs were used for accuracy
evaluation with overlap rangSimulated volumes were cre- ing from 32.5 ◦ -40.0 ◦ .
ated using a scatterer map that

d = − 21 A−1
1 (b2 − b1 )
The method was implemented in an iterative multiscale
scheme:

At each position, the probe
was aligned with the following anatomical landmarks:

In addition, 50 volume pairs
were acquired from 10 healthy
subjects (6 female, 4 male)
with multibeat acquisition
from several probe positions.

1. left ventricular (LV)
apex
2. interventricular
septum
3. right ventricular (RV)
apex
4. LV lateral wall
5. LV futher lateral wall
6. one intercostal space
above LV apex
7. one intercostal space
below LV apex

Positions that resulted in poor acquisition window were discarded subject-wise.
Normalised cross correlation (NCC) before and after the registration were computed to assess image similarity. Higher NCC
indicates higher similarity, hence better aligned volumes. For
comparison, results from voxel-based registration using NCC
as an objective function were computed using AIRWC toolbox [3].

Rigid regularisation with Procrustes analysis was performed at
each iteration, as the volumes to be registered were taken at the
same point in the cardiac cycle, leading to the assumption that
no cardiac deformation between volumes was present.

Conclusions
• A registration method for data compounding of 3D
echocardiography using Farnebäck optic flow has been
implemented
• Based on validation with simulated volumes, the proposed method can achieve high accuracy in the order of
<1.0 mm
• In comparison to a voxel-based method using NCC function, proposed registration applied on in vivo dataset
produced significantly higher NCC (p-value < 0.0001)

Future Work
• Automatically generate convergence criteria to limit the
iteration and scale number
• Incorporate temporal alignment
• Evaluate accuracy on in vivo dataset
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