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Fig. 1. Overall block diagram of the proposed method.

acquisition quality. The net effect is that acquisition times can be long (several
miniutes) and this inevitably results in slight motion of the probe during the scanning.

In this paper we aim to overcome these limitations by using a position sensor to
track the probe in real time and fusing automatically detected image features from
multiple acoustic window sparse-view acquisitions. We use geometric constraints of
the object shape and image acquisition process to propose new algorithms for (1)
grouping endocardial edge cues from an initial image segmentation and (2) defining a
novel reconstruction method that utilises information from multiple acoustic
windows. We illustrate our new method on phantom and real heart data and compare
its performance to our previous approach that was based on a single acoustic window.

The most closely related research to our own is the work by Legget et al [4]. The
major differences are that they used 2D scanning rather than 3D rotational scanning
and 3D reconstruction was based on manually delineated feature points.

2. Proposed Method and Algorithms

Figure 1 shows a flow-diagram outlining the key steps in our approach. In the
following section each step is described.

2.1 Image Acquisition

Digital 3D+T data was acquired on a HP SONOS 5500 ultrasound machine (Agilent
Technologies) using a 3-5MHZ 3D rotating transducer with the Faro-arm position
sensor (FARO Technologies) attached to enable real-time recording of probe position.
The angle increment of the rotational probe was set to 6 degrees, so that for each
acoustic window 30 co-axial slices were obtained. The Faro-arm was calibrated using
an in-house calibration routine based on a ping-pong ball calibration object [5].
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            (a)                                                        (b)                                                (c)

        
               (d)                                                      (e)                                                (f)

Fig. 4. Results on a glove phantom overlaid on one image slice.  3D grouped feature
points on each acoustic window (a and b), and combined windows (c). ICP surface
fitting on each window points (d and e) and combined window points (f).

3. Experimental Results

3.1 Study on Glove Phantom

One finger of a latex glove was fully filled with tap water as a phantom, and securely
fixed in a small box containing water.

Data sets were acquired from two acoustic windows on this phantom. Figure 4(a) is
the feature points in 3D selected using our method for one acoustic window and for
second window in (b). The incidence angle weighted 3D feature points reconstruction
from two windows is shown in (c) and the results of the ICP based surface fitting on
each window and combined windows are shown in (d), (e) and (f), respectively.

The phantom volume measurement was calculated to be 230ml for the true volume
while 220.73ml for the fitting result from two windows (Figure (f)), 194.22ml and
165.63 ml from each window (Figure (d) and (e)). This demonstrates the two views
method has better performance for recovery object shape than from a single window.

3.2 Study on Real Heart Data

In this experiment, data sets were acquired from two acoustic windows: apical long-
axis view and parasternal short-axis view. For each view (30 co-axial slices),
scanning lasted 3-4 minutes during which there was slight motion of the probe. Figure
5 shows the true positions of the probe on each slice during two acoustic windows
scanning. The maximum motion of the probe during each view acquisition is about
2mm. Figure 6 shows the 3D reconstruction of slices from two acoustic window
acquisitions.

Figure 7 and Figure 8 show results using the new method. Figure 7 shows the
projection of the 3D surfaces and grouped endocardial feature points onto one image
slice. Figure 7(a) is from the apical long-axis view only, (a conventional view used in
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Fig. 8. Results of the proposed algorithms on real heart data with one image slice overlaid
on; (a)~(b) 3D endocardical feature points from long-axis window and short-axis window;
(c)~(e) ICP surface fitting on each window and combined acoustic windows, respectively.

       
Fig. 7. Projection of the 3D fitted surface and 3D
grouped endocardical feature points, lying within a
clipped slab (2 mm width) centred on one image
slice. Surface fitting on one apical endocardial
boundary points (left) and on combined apical and
parasternal endocardial boundary points (right).

LV volume analysis from ultrasound),
while (b) is to combine feature points
from both the apical long-axis view and
parasternal short-axis view. Note that,
the gap between the grouped endocardial
feature points in (a) can be connected
using the feature points from the short-
axis view in (b).

In Figure 8, the 3D endocardial
surfaces from the long-axis view, short-
axis view and combined views can be
seen in (c), (d) and (e), respectively. Due
to the large area of shadowing in the
apical long-axis scanning, there is a big
hole in the 3D features reconstruction

  
Fig. 6. 3D reconstruction of image
slices from long-axis window and
short-axis window acquisitions.

Fig. 5. Probe positions of two acoustic
window scanning
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(left of the 3D points in Figure 8(a)). Using the new method this is filled using
information from the parasternal short-axis view (see (b)). Note that, in this
experiment, apart from the presence of the shadow in the short-axis window, we just
acquired one part of the LV data during the short-axis window scanning.

4. Conclusions and Future Work

In this paper we have proposed and performed initially testing on a new method for
automatically fusing information from multiple 3D echocardiographic windows. The
approach is novel in the way that it works on the automatically detected feature points
and information is fused based on the use of geometric constraints of image
acquisition and knowledge of the object. Our experimental results show that fusing
information from multiple acoustic windows can fill in data points in shadow regions
of other windows and improve the quality of 3D reconstruction relative to those based
on a single acoustic window. Future plans include looking more closely at how the
denseness of data affects the method, and evaluating against a reference such as
cardiac MR imaging.
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