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Abstract

Real-time simulation of medical ultrasound imaging has an important
role in clinic application. Quick access for training is highly concerned by
improving technical skills to understand and process ultrasound image.
In this paper, we describe the simulation of an ultrasound image with the
presence of shadow effect that normally appears in real-time ultrasound
imaging. We use the model of focused beam tracing in accompanying
with tissue-ultrasound interactions, and apply CT scanning to obtain
the map of scattering structure of imaging. The measured ultrasound
image and CT image data are from database of Technical University of
Denmark. FIELD II is then used to simulate an ultrasound image. It
will be used for the purpose of synthesizing, analyzing and estimating
the measured one and deducing an objective evaluation.

I. Introduction

Ultrasound (US) imaging in human body has been developed for over half a
century[l] [2], and it is one of the most widely imaging method in medical
diagnostic. The access to US data is limited due to data authorities, conse-
quently it limits the research gateto discover a new US testing system. For
simulation, we can use FIELD II program for US imaging simulation[3] [4]. It
was implemented to use accompanying with Matlab for calculation and image
processing, which helps us to optimize the image quality. Base on the software,
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it is possible to design an appropriate number of various transducer geome-
tries with multi-elements and various channels as well as beamformer methods
for the simulation. We can modify and estimate the pulse-echo field, focusing
schemes, scattering map, point spread function, and many useful parameters
that influence our method of simulation based on the image point of view. Tra-
ditionally, US imaging in clinical diagnosis use the frequency range of several
MHz to optimize the penetration and explore the superficial layer of an organ.
For example, 2.5 MHz probe is used for a heart, 3.5 MHz for abdominal or-
gans, and 7.5 or 10 MHz for surface layer explorations [5]. In this paper, we
will evaluate the effect of high frequency range on fish body, to study how well
we can estimate the consistency between US transducer model and acoustic
properties of living organ using FIELD II.

II. Method of simulation

Field II program uses linear acoustic properties to calculate the transmitted
and backscattered US fields as well as the pressure fields received at the trans-
ducer. For B-mode imaging, a number of independent scatterers are specified
with their positions and amplitudes to simulate the scatterer maps of phantom
models. A scatterer map can be derived from a CT image.

1. Theory of simulation

We can simplify the simulation model by considering rays which construct
a sound beam. Suppose a ray has traveled from Py to P with initial intensity,
and comes back along a reverse forward path to point Py passing through M
media (M=5) as in Fig.1. A scatterer P is located inside a medium and the
point source is at Py. When the sound wave propagates through different media
to the scatterer, only part of the sound energy is backscattered on the opposite
path of the incident wave.

The attenuation of the incident intensity, I ,in two-way traveling from
medium 1 to M and back is given by

M
Tarr :I[exp(—4z a(m)lm) (1)

m=1

where I opr is the attenuated intensity, a(m) is the attenuation coefficient and
I, is the traveling distance of the sound wave in medium m**. The intensity
of transmission sound wave for two-way passing through m;;, medium is given
by [6]
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(2)

Irp = Iy

where Z,,, is the characteristic acoustic impedance of the m!® medium; 6;
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Figure 1: Ray tracing path [9]

and 6, are the incidence and transmission angles between the surface normal
and sound wave direction, respectively.

We assume that most of the intensity of the sound wave is scattered back to
the transducer via reverse forward path, and the other rays that get back to Py
in different paths are neglected. In the case the sound is transmitted to media
as a ray perpendicular to the active aperture, the backscattered intensity Ipg
is given by [7]

M
DV

Ips = I —7—
(S b )?

; 3)

where néM) is the backscattering coefficient, and V' is the volume of the scat-

terer.

Finally, with the assumption of no second- or higher-order harmonics scat-
tering, very few scatterers on the boundaries between the media, and no loss of
energy from the active aperture to the first medium corresponding to the top
of the image. The received intensity at Py is [8] [9]

(M)V M M—1 AT 7 20(’!17,)
Ir(P)=Ir 73& xp(—4 Z a(m)lm)XH [ 7(17, )m+1cos i —
(Xt bm)? m=1 et H(Zmcos®;™ + Zpyy1c0s0," )2

(4)

If a very small angle of incidence is assumed, cosf = cosf; ~ 1, at all media
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boundaries[9], we have

A o1 08200 AT )
(chosﬁgm) + Zmt1 cosﬁgm) )2 (Zpy + Zm11)?

Therefore, we can simplify the formula for the final intensity calculation

() _ 2
Tn(P) =l eap( 4N, 0t ) x TI) [ ppieden ]

=I0I;V x SSM(P)
(6)
The final US scattering strength map, SSM(P), can be derived from formula
(6) with the assumption that each pixel is a different medium, all scatterers
within the medium have the same [,,,, , and I;V =1 (see [9]).
2. Scattering map from CT image
In the simulation, the values of attenuation coefficient, o™ backscattering
coefficient, ngM)7 and acoustic impedance, Z,, , are calculated based on the CT
image. Suppose that the tissue types of fish and human tissue types are pretty
similar, we can segmented the CT image into four categories: bone, fat, soft

tissue, air, and use the provided estimation in literature for these parameter
values [6], [9]-[11].

Table 1: Coefficient from Hounsfield unit to backscatter, attenuation, and characteristic acoustic impedance [9]

Regions Housfield unit n*P(em st ¢"™(dB/cmn MHz) Zx (kg/m’s)
Bone [179. maximum] [0.05.0.1] [100.200] [6.5%10°.7.38x10°]
Soft tissue [-41.178] [0.000125.0.01] [10.32.5] [1.55X1Q6.i.74X10
Fat [-741.-42] [0.003.0.019] [1.25.2] 1.33x10°
Air-inside [minimum.-742] 0 [400.500] 0.4x10°
Air-outside Not defined by HU 0 0.24 1.48x10°

Generally, the images of CT and US are scaled to the same size and orienta-
tion. Image boundaries were set close to the fish phantom where the number of
scatterers is proportional to a cell resolution and an image volume. Scatterers
are random uniform distribution in the tissue area, and multiplied with the
Gauss distribution scatterer strength. Moreover, the HU values of outside area
of the fish CT image are replaced by the HU values for water. A resolution of
cell is calculated by [12]

ResCell = NA\FWHM;FWHM,, (7)

where A is the wavelength and N is the number of cycles in the pulse; FWHM
and FWHM,; are full width at half maximum laterally and azimuthally, re-
spectively, of the point spread function at the focus point. The image volume
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is calculated by multiplying CT image area with element height of transducer
tmgV ol = CTimage x eleHeight. (8)

The number of scatterers is then estimated with the recommended 10 scatterers
per cell resolution[13]

imgV ol
Nscatt = 10 X ——— 9
sea Rescell (9)
3. Simulation
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Figure 2: Simulation diagram -
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In the simulation, only some of the transducer elements are excited for
each emission to produce an electronic focused US beam. The amplitudes of
the scatterers were assigned which based on the final US scattering strength
map using the position values. Corresponding to HU values of pixel in CT
segments, the same scattering strengths were assigned for scatterers within
particular medium. For the emission em;y, the US scattering strength for one
emission, SSM (™) (P), is calculated by [9].

SSMEM(P) = 3" SSM™ (P), (10)
i=1

where m is the number of active elements in one emission. SSMi(m) (P) is
calculated by Eq. (6) if the i*" ray passes through P. Otherwise, will be zero.
For n emissions, the US scattering strength map is calculated by [9]

ASSM(P) = 1 zn: SSMEm) (P, (11)

em=1
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The data of the measured CT and US image were obtained. The white line in
Fig.3 indicates the CT slice with thickness of 0.5 mm and the pixel sizes 0.274
x 0.274 mm?.
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Figure 3: CT image of fish with a slice indication by a white line[9]
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Figure 4: CT slice of fish[9] Figure 5: The region position map of the fish slice[9]

It is difficult to distinguish between fat and skin region in the CT image
(Fig. 4) since they are next to each other, andhave very similar x-ray absorp-
tion. Therefore, the segment is then made manually to derive a region position
map which represent in Fig. 5 (0: Air-outside, 1:Fat, 2: Soft tissue, 3: Bone.)
The setup parameter was inputted to FIELD II, a transducer with 192 elements
was used, the center frequency of transmit pulse was 10 MHz with 64 active
elements; the transmit f-number was 3.65 and dynamic focusing was used with
the receive f-number equal to 0.5. The process is to create 384 RF lines corre-
sponding to 384 emissions in one US image. The number of scatterers is 10 per
cell resolution. By modeling group of emission rays, the focus point is located
at the center of the active aperture in the lateral direction and at the focus
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depth of 45mm in the axial direction. The elevation focus is at 20mm depth.
The number of rays is equal to the number of active elements.

3. Results and discussion

In the simulation, the slice thickness of the US imaging varies as a function of
depth. It is narrowest, about 0.6mm, at the elevation focus of 20mm depth,
and about 8mm at 80mm depth, while the effective slice thickness of the CT
imaging modality is a constant, about 0.5mm. Hence, the simulation is more
accurate at the elevation focus than at the other depths.
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Figure 6: The measured US Image of the slice[9] Figure 7: The simulated US image with shadow
effect[9]

In the measured US image (Fig. 6), there are shadows appearing behind
bone regions with high HU value and below the transition region, where sound
passes through fish fin to water and gets into fish body. Similarly, the skin
regions in the upper part of the fish get enhanced because the sound intensity
decreases quickly in those regions. Most of these phenomena were included
in the simulated US image (Fig. 7) except its uniformity looking like in CT
image. The enhancement effect is only visible in the skin region on the upper
part of the fish slice, where the high energy from the transducer is scattered
back. The shadow effect was obtained with diffuse shape where the width of
shadow is decreasing with depth.

IV. Conclusion
Even though the relation between Hounsfield Unit (HU) and US scattering

strength is only local optimum with correct alignment of CT and US image
in literature, this work has identified the potential to use CT image data to
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show the consistency between fish US image with the simulation one. By
using themethod of focused beam tracing model, the simulated US image has
revealed most of the characteristics of measured US images such as shadowing,
attenuation, and edge-enhancement. By using FIELD II, the transmitted and
received apertures can be defined independently of each other. The acoustic
settings can be controlled in the entire image through dynamic apodization
and focusing. Frequency dependent attenuation can also be included in the
simulation. The method is applied for a linear array transducer, but can be
used for convex array and phase array transducers as well, because they also
produce focused US beam in each emission. A similar mapping method could
be used if the data are magnetic resonance, or optical images instead of CT-
images.
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