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The SONIMAGE HS1 Diagnostic Ultrasound System: Development of Simple Needle Visualization
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Abstract

In the fields of anesthesiology and orthopedics, ultra-
sound-guided injections are recommended for reasons of
safety and reliability. However, because of the differences in
acoustic properties of human tissue and needle material,
visualizing the needle, especially the needle tip, is very diffi-
cult in ultrasound imaging. This is critically important to the
welfare of the patient because many procedures require
highly accurate needle tip placement.

One response to this problem has been the electronic
beam steering technique, which improves visualization of
the needle shaft in the in-plane approach. But when the nee-
dle is inserted at steep angles, visualization of the needle
shaft remains poor and visualization of the needle tip is
exceptionally difficult. Safety and reliability issues have thus
remained.

This is why Konica Minolta developed the Simple Needle
Visualization (SNV) function found in the SONIMAGE HS1
ultrasound system. By extracting the motion of low-direc-
tional scattering echo signals caused by the needle tip and
enhancing them, the placement of the needle tip is easily
and accurately seen in real time. The SONIMAGE HS1 pro-
vides superior image quality realized by a high-performance
image processing engine, a super-broadband probe, and
broadband harmonic imaging. The addition of the SNV func-
tion dramatically improves safety and reliability in ultra-
sound-guided injections.
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Fig. 1 The SONIMAGE HS1 ultrasound imaging system.
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Fig. 2 The SONIMAGE HS1 high-sensitivity and ultra-wideband linear
probe.
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Fig. 3 The SONIMAGE HS1control panel. All major functions are con-
trolled with only 8 buttons and a trackball.
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Fig. 4 The Unitea a digital X-ray diagnostic imaging system for clinics.
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Fig. 5 B-mode image (the image created by converting the echo inten-
sity received by the transducer into brightness) when the needle
is viewed in plane. The needle shaft is clearly visible.

Fig. 6 B-mode image viewing a needle head on (out-of-plane approach).
The needle tip is visualized as a blob (see arrow).
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Fig. 7 B-mode images when the puncture angle relative to the body
surface is shallow. (@) Normal B-mode image. (b) B-mode image
with ultrasound beam steering in which the needle is better visu-
alized, but tissue image quality is degraded.
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Fig. 8 (a) Reflection echo signals from a needle shaft. (b) Scattered echo
signals from a needle tip in the in-plane approach. The ultrasound
probe can't capture the reflection echo signals when the needle
is steeply inserted. On the other hand, even if needle is steeply
inserted, the scattered echo signals can be captured.
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Fig.9 (a) Reflection echo signals from a needle shaft. (b) Scattered echo
signals from a needle tip in the out-of-plane approach. The ultra-
sound probe can't capture the reflection echo signals when the
needle is steeply inserted. On the other hand, even if needle is
steeply inserted, the scattered echo signals can be captured.
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Fig. 10 Flowchart of our hierarchical motion needle tip detection scheme.
In the 14 step, short-interval movement is detected in the origi-
nal images. In the 2" step, needle tip movement is extracted
from the short-interval movement via statistical analysis. Finally,
in the 3" step, spatial and temporal limitations of the detected
movement are relaxed through the process of persistence.
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Fig. 11 Needle tip enhanced images mapped (a) with a combination of

B-mode image intensity and motion (b) with only motion. Our
approach visualizes needle tips and maintains original B-mode
image quality.
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Fig. 12 SNV images during probe scanning (a) with our automatic en-
hancement gain control using scanning state estimation and (b)
without that enhancement. Our approach provides a normal
B-mode image by suppressing motion enhancement when
scanning with a probe.
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() (d)
Fig. 13 Phantom images captured by a SONIMAGE HS1. (a) and (c) are
SNVimages. (b) and (d) are B-mode images. The needle tip signal
is enhanced (see arrow).

Fig. 14 Clinical image captured by a SONIMAGE HS1. (a) and (c) are SNV
images. (b) and (d) are B-mode images. The needle tip signal is

enhanced (see arrow).
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