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High-quality/High-resolution Digital Ultrasound Diagnostic
Scanner

Tsuyoshi Otake OVERVIEW: Ultrasound diagnostic scanners have gained broad acceptance
in a wide range of diagnostic fields because they are able to make
observations inside the body safely and in real time. In keeping with the
T developments in signal processing technology and semiconductor
Tsuyoshi Mitake technologies, resolution and other functions were dramatically improved
Shinichiro Umemura, Ph.D.  through the use of digital ultrasound scanners developed in the late 1980s.
In terms of ultrasound imaging technologies as well, the quality of images
was increased and the scope of applications expanded through the use of
superior imaging technologies and ultrasound contrast agents. Hitachi
Medical Corporation has developed a digital ultrasound device which is
equipped with an electrical compound function and the high-speed moving
image adaptive filter, with the goal of contributing further to medical
treatments by improving image quality. The ultrasound endoscope, which
was created using fine processing technologies, is ideally suited to
gastrointestinal tract examinations. Hitachi Medical Corporation is also
developing new imaging technologies such as tissue elastic imaging, and
plans to incorporate these technologies into new equipment in the future.

Toshihiko Kawano
Takashi Sugiyama

INTRODUCTION A mode (amplitude mode) was used to observe echo
ULTRASOUND diagnostic scanners emit ultrasounds a wave, but the scope of applications was limited.
(roughly 2-15 MHz) into the body, and use the signal$ the late 1950s, a technology was developed to create
from the sound waves that bounce back from thénages by converting echo waves into an intensity,
interface between tissues (referred to here as “echcaid in the 1970s, an electronic scanning ultrasound
to obtain images and blood flow speed information.scanner was released, in which multiple ultrasound
Research into the use of ultrasound in medicdransducers were arranged in an array, and these
diagnosis began in the 1940s with research conductetements were switched electronically to achieve
by K.T. Dussik et al. At that time, a method called thécanning. This ultrasound scanner came to be used in

Kidney Liver

HITACHI
FRJ0

Fig. 1—External View of Digital
Ultrasound Diagnostic Scanner and
Abdominal Image of Healthy
Individual (right).
Using the digital ultrasound
diagnostic scanner, an image has
been created of the liver and the

' portal vein, a large vein that carries
. osanzz blood from the stomach and the
= T intestines into the liver (image on
right). The segment below the liver,
imaged using a high echo level, is
the diaphragm.

(a) External view of the digital (b) Abdominal image of a healthy individual
ultrasound diagnostic scanner
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a wide range of diagnostic fields, including abdominallg
obstetrics and gynecology, and cardiac diagnostic
because it is safe, non-invasive, and provides real-ti
image$).

In the latter half of the 1980s, with the developme
of electronic digital ultrasound diagnostic devices
image quality improved dramatically, and these devicdg
came to be used in orthopedics and other new field
In recent years, these devices are evolving even furth
undergoing a transition from “diagnosis of existence,
such as checking for the presence of lesions,
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Here, we will prowde_ an outllne_: _Of digital Fig. 4—Image of Four Cavities at Cardiac Apex (Color Doppler
ultrasound scanners, and discuss the digital uItrasouQade).
diagnostic scanner developed by Hitachi Medicatnjs is an image created for observation of blood flow in color
Corporation, as well as new technologies currentlpoppler mode, by detecting blood flow and then allocating
under development (see Fig. 1). colors to different flows. Back flow due to mitral valve
insufficiency can be observed.
OUTLINE OF ULTRASOUND DIAGNOSTICS
In ultrasound diagnostics, an ultrasound probe that
sends and receives ultrasound is placed against tfie B mode (Brightness mode; for observing the shape
examination region (see Fig. 2). of organs),
There are a number of commonly used test mode&) M mode (Motion mode; for observing the
including: movement of the heart’s valves, etc.),
(3) Doppler mode (for observing the speed of blood
flow), and
. Q‘\ (4) color Doppler mode (for observing blood flow
= = Q using color coding according to speed and direction).
™ Diagnhoses are conducted by selecting and
Fig. 2 During Ultrasound Diagnosis. comblnlng thgse mgthods depending on the goal and
The examiner places the probe against the region on the the examination region. _Ultrasound Can _also t?e us_ed
patient's body to be diagnosed. to observe fetuses (see Fig. 3) because it is noninvasive,
or in the diagnosis of circulatory organs because it
enables observations inside the body in real time. In
HITACHI : &en the regions surrounding circulatory organs, M mode,
. L e “SMEN Doppler mode, and color Doppler mode are often used
because they enable observations of the heart’s
movements and the state of blood flow (see Fig. 4).
Noise was reduced and contrast resolution
improved through the development of a technology
called the tissue harmonic imaging, in which imaging
is achieved using the harmonic components of echoes
generated through the nonlinearity of living bodies.
The contrast harmonic imaging, which combines this
harmonic imaging with ultrasound contrast agents, is
extremely effective in imaging tumors inside the liver

006

No.48/48

Obstetrique 101mm

wlvene ! e R and observing tumor feeding vessels based on an
Fig. 3—Longitudinal Section Image of Fetus’s Head (B mode). imaging technology that uses a second harmonic
The fetus’s nose and mouth are clearly imaged; it can be component from the contrast agent. The contrast

observed that the fetus is bringing its hand to its mouth. harmonic imaging has come to be indispensable
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Fig. 5—Image of Metastatic Liver Cancer (Contrast Harmonic
Imaging). Fig. 6—Overall Block Diagram for Digital Ultrasound
An example of imaging using ultrasound contrast agents: Diagnostic Scanner.

because the contrast agent is absorbed in normal liver tissue, The scanner is comprised of a front end segment for receiving
the imaging appears white. The cancerous segments, howeverthe ultrasound signals, and a back-end segment that conducts
do not absorb the contrast agents, so the imaging appears signal processing and image processing to create images.
darker than the surrounding areas.

Medical Corporation, in collaboration with Hitachi,
particularly in the diagnosis of liver cancer and inLtd., has developed an ASIC (application specific
judging the effects of cancer treatments (see Fig. 5)ntegrated circuit) for the roughly one million gates

(equivalent to about three million transistors) that make

DIGITAL ULTRASOUND DIAGNOSTIC up the core of this beamformer segment, thus achieving
SCANNER highly accurate ultrasound focus.
Scanner Configuration The back-end segment, meanwhile, executes

Hitachi’s digital ultrasound diagnostic scanner igprocessing to create images and detect blood flow
divided into front end and back end segments (see Figiformation in response to the signals after reception
6). In the front end segment, a group of pulses with®cus processing, and creates image data to be
time difference is generated to achieve ultrasoundisplayed on the monitor. The ASIC was developed
transmission focus; these pulses are supplied to tf@ntly with Hitachi, Ltd. because a filter with sharp
transducer array via the transmission circuit. The soursitoff characteristics is needed to eliminate frequency
waves that are reflected back from the body areomponents that are not required for harmonic
received by the transducer array, and then pass throughaging. After eliminating the unnecessary band using
the pre amplifier; they are converted into digital signalghis ASIC, log compression (dynamic range control)
by the A/D converter, and reception focus processingnd enhancement are executed to enable effective
is executed. The segment that executes thidisplay on the monitor used to observe echo signals
transmission focus and reception focus is called tH®r which the dynamic range is 90 dB or more. These
beamformer. In conventional scanners, the beamformsignals are then converted into scanning lines by a DSC
was comprised of analog delay lines, but digitaind sent to the display circuit.
scanners employ signal processing technology to The digital ultrasound diagnostic scanner
achieve delay time control that ensures optimum focugcorporates FPGA (filed programmable gate array)
A delay corresponding to the distance to the reflectingnd DSP (digital signal processor), for which most of
body is digitally added to the signal received by eacthe circuits are programmable, so it is possible to add
transducer, and after the signal phases from dllinctions to the scanner or make modifications without
channels have been aligned, processing is carried gugiking changes to the hardware. For this reason, the
using addition to achieve optimum reception focusdiagnostic scanner can respond quickly to diversifying
For the digital ultrasound diagnostic scanner, Hitachinarket needs.
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absorbing object inside a living body, the ultrasound
does not pass through that object, and a low-echo
region is created behind that object, where the
ultrasound beam does not reach. Another problem that
arises is that when a puncture is made below the
ultrasound guide, if the angle of the puncture needle
is parallel with the ultrasound transmission direction,
then it is difficult to image the needle. We have thus
developed an electrical compound function that will
assist in resolving these issues.

This function is a technology that sends and
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@ m:gif];é”g harmonic (®) :erﬁgggs'”g conventional receives ultrasound beams from a variety of angles
when the image is taken, and combines these beams.
Fig. 7—Image of Gallbladder. With additional processing of multiple images from
With the Harmonic Imaging shown ia)( the gallbladder wall different angles, we have been able to improve

is clearly imaged, and the noise within the gallbladder has bee

. _ _ : rbetectability of the low-echo region and visibility of
reduced, enabling easier, more accurate diagnosis.

the puncture needle, as well as the SN ratio of the
ultrasound image and contrast resolution.

Advantages of Digital Ultrasound Diagnostic High-speed Moving Image Adaptive Filter
Scanner In order to achieve higher image quality than was
Following are some of the advantages that havgossible in the past, we have developed the high-speed
been obtained by introducing a digital beamformennoving image adaptive filter, which uses a high-speed
which is the heart of the scanner. computation processor to conduct real-time
(1) High image quality computations. The adaptive filter technology first
Beamformers that used conventional analog delagompares the target pixels with the surrounding pixels,
lines presented a number of issues, including signahd then averages or emphasizes the image based on
cross talk and wave deformation, as well as variandée results of this comparison. Blood vessels, muscles,
in delay time accuracy. The introduction of a digitaland other structures cover a broad range of pixels, but
beamformer enables focus control close to théspeckle noise,” which is unique to ultrasound images,
theoretical value, thus improving image quality and
deeper area sensitivity.
(2) High frame rate s Ay S s e
1011 . e e T e e e Y T
The digital beamformer can process signal d o~ -
received from several directions simultaneously, angis
so can generate multiple ultrasound beams with §
single reception. This allows the image frame rate { .[
be increased.
(3) Harmonic imaging
By using a filter with sharp cutoff characteristics
that were difficult to attain with analog filters, we haveg
achieved practical applications of harmonic imaging

HITACHI PH fo b}

No.84/84 Ho.84/84

component. In this way, we have substantially reduc i — omm LS 7 R s
ultrasound artifacts, and made it possible to obtai

. . . . . . a) | mage using conventional b) Image using electrical
images with good SN (signal-to-noise) ratio (see Fig. @ B ,ﬁgode J ( )Oomgound 2nd adaptive
7). filter function

Photo provided by Dr. N. Fukunari, Ito Hospital

CHALLENGE OF BETTER IMAGE QUALITY Fig. 8—Image of Thyroid Gland.
Real-time Compound Function In (b), the tissue inside the thyroid gland is shown in much more
When there is a strong reflecting object ordetalil, so the gland is imaged with greater clarity.
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displays a characteristic pattern, and is comparatively
localized. Using this characteristic, the connection
between structures in a living body is improved, and
at the same time speckle noise is eliminated (see Fig.
8).

DEVELOPMENT OF HIGH-DEFINITION £

ULTRASOUND ENDOSCOPE (@) External view of the (b) Color Doppler image during
Optical endoscopes are widely used in the diagnosis ultraeound endosoope punctureperfod

of gastrointestinal tracts. When diagnosing tumors, (b) photoprovided by Dr. M. Giovannini, Institut Peoli-Calmettes

however, Wh_lle a'gr'asp of th(? |nva5|on I,evel and thEig. 9—Ultrasound Endoscope and Image of Puncture.

spread of lesions is important in determining treatmeny (b), the puncture needle is indicated by the arrow.

measures, the optical endoscope only observes the

surface shape of the lesion in the gastrointestinal tract.

so it is difficult to determine the layer structure. In

this situation, an ultrasound endoscope is useft

because it is capable of providing a cross-section

(tomographic) view of the lesion. The invasion deptt

attained by the ultrasound far exceeds the wall of tF

gastrointestinal tract, enabling applications with orgar

that are difficult to observe from the body surface du

to the effects of gas in the gastrointestinal tract. Anotht ‘

advantage is that there are no effects on the skin o

muscle, so even higher frequency ultrasound can |

adopted, making it possible to obtain images witlrig. 10—External View of Electronic Radial Ultrasound

higher resolution. In the past, ultrasound endoscopé&gdoscope.

adopted a “mechanical radial method” in which gA\n optical system is placed at the tip, enabling imaging in a

single ultrasound transducer was rotated mechanically9€ field covering 270 degrees around the head.

but this method presented the following problems:

(1) Regions near the endoscope were susceptible geriod. The ultrasound endoscope enables the puncture

audio noise due to multiple ultrasound echoingto be made while monitoring the ultrasound image via

o

making observation of the lesion difficult. the working channel. Because scanning is conducted
(2) Rotation caused vibrations, which reducedlectronically, the user can also observe blood flow
resolution. using Doppler mode or color Doppler mode.

(3) When using mechanical rotation, the direction of Fig. 10 shows PENTAX Corporation’s electronic
transmission and reception could not be adjusted freehgdial scanning ultrasound endoscope. In the ultrasound
so the Doppler mode and the color Doppler mode coukhdoscope, an optical scanning system has been placed
not be used. at the tip of the head, such that ultrasound images can
In addition to the issues noted above, the size dife obtained in a wide field covering 270 degrees around
ultrasound endoscopes was severely limited ithe head. Once again, because the scanning is
comparison to external devices because of theaonducted electronically, blood flow can be observed
applications. For example, if the aperture is limitedusing Doppler mode or color Doppler mode.
there is a significant effect on resolution and invasion One new development is the 3D ultrasound image
depth. from the ultrasound endoscope. Fig. 11 shows a 3D
In order to resolve these issues, we developed amage of a theloncus tumor in the pancreatic duct. In
ultrasound endoscope in collaboration with PENTAXhis 3D image, the diaphragm and nodule inside the
Corporation that features a convex style and atumor are clearly imaged, and it is possible to observe
electronic radial method. the relationship between the tumor and the main
Fig. 9 shows PENTAX Corporation’s ultrasoundpancreatic duct more clearly. In the future, we plan to
endoscope, which features a 10 R, 6.5 MHz scanniraghieve 3D displays of ultrasound endoscope images
segment, and an image taken during the punctutieat incorporate hemodynamics, thus contributing to
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Source: T.A. Krouskop, et al.; Ultrasonic Imaging (1998)

Photo provided by Dr. Y. Hirooka of l§aya Univesity Graduate School of Medicine ~ Fig. 12—Hardness of Breast Tissue.
Fig. 11—Image of Theloncus Tumor in Pancreatic Duct. The Y-axis is the elasticity factor; larger values indicate
The diaphragm and nodule inside the tumor are clearly imagedincreasing hardness.

. . Model of tissuein the living - Hard — Little deformation
the further proliferation and development of ultrasound pody acting asaspring Soft — Significant deformation

endoscope examinations.

Before  After Displacement Deformation
compression compression  (mm) (%)
DEVELOPMENT OF ADVANCED ot =] &
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IMAGING Hard _
. .. . . Spatial
Tissue elastic imaging is a technology that uses differentiation [~
ultrasound to detect the hardness of tissue, and to creaté®'t E
images accordingB?3). It is currently under oo Afer YT

Before After
development in joint research with Prof. Tsuyoshi  compression compression

Shiina of the Institute of Information Sciences and o,
Electronics, University of Tsukuba. g
. 80
As an example, Fig. 12 shows the hardness of breast % W [ »
tissue. It is well known that when breast tissue falls to 80 10 mm
Phantom (mm) B modeimage  Elasticity image

fibrous tissue and then becomes cancerous, tissue
becomes increasingly hard through this process.

If we can detect this hardness and express it as 8. 13—Principle of Tissue Elastic Imaging.
image, it will be helpful in such processes as th@n image is created with a focus on deformation during
determination of benign/malignancy of tumors and th@ompression: soft tissue shows significant deformation, while
identification of the invasion area, and thus will behard tissue shows little deformation.
extremely useful in clinical applications. It takes time
to learn the skills required for palpitation tests currently For operation, the probe is held freely in the
used to conduct examinations for breast cancer, andoperator’s hand, and is pressed against the examination
is difficult to detect tumors measuring 5 mm or less imegion. In this way, it is possible to detect and image
diameter. In terms of the ability to detect finethe strain quantity within the living body from the
calcification, mammography using X-rays is superiosignals before and after pressure is applied.
to ultrasound, but X-ray mammography is not suited Fig. 13 illustrates the concept of tissue elastic
to the imaging of cancer invasion regions. Compareiinaging. When pressure is applied to tissue in a living
to this method, ultrasound can be considered mokmdy, soft segments change shape substantially, while
useful from the perspective of objectivity throughhard segments do not change shape very much. Using
imaging, repeated non-invasive testing, and ease tfis characteristic, displacement at each depth is
use during operations. determined from the echo signals before and after

(deformation)



Hitachi Review Vol. 52 (2003), No. 4 213

REFERENCES

(1) The Japan Society of Ultrasonics in Medicine, Ultrasonic
Medicine, Igaku-Shoin Ltd. (1980) in Japanese.

(2) M. Yamakawa, et al., “Tissue Elasticity Reconstruction Based
on 3-Dimensional Finite Element Model,” Japanese Journal
of Applied Physics, 38 (5B), pp.3393-3398 (1999).

(3) T. Shiina, et al., “Real Time Tissue Elasticity Imaging Using
Combined Autocorrelation Method,” J. Med. Ultrasonics, Vol.
26, No. 2, pp.57-66 (1999).

ABOUT THE AUTHORS

Photo provided by Dr. E. Ueno of Institute of Clinical Medicine University of
Tsukuba

Tsuyoshi Otake
Fig. 14—Tissue Elastic Image of Invasive Ductal Carcinoma. g Joined Hitachi Medical Corporation in 1991, and

It is difficult to identify the invasion area using a B mode image, now works at the Development Design Department,
but with a tissue elastic image using a color overlay, the size of

the cancer can be easily grasped.

the Ultrasound System Division. He is currently

N Gt
\“!-‘z engaged in the development of digital ultrasound
~scanner. Mr. Ootake can be reached by e-mail at

ootake@kf.hitachi-medical.co.jp.

e

. . . . Toshihiko Kawano
pressure is applied, and deformation is calculated from Joined Hitachi Medical Corporation in 1983, and

the degree of displacement. Based on the results o 1 now works at the Development Design Department,
this calculation, the relative hardness is calculated = = the Ultrasound System Division. He is currently
assuming that areas showing significant deformation Hf engaged in the management for the development of
are soft and areas with little deformation are hard, ar.q=#% " digital ultrasound scanner. Mr. Kawano is a member
an image is created accordingly. In image created using anZiztfiia?eis;ggfeu:zfc;?'CS in Medicine,
this technology is shown in Fig. 14. The tissue elastic kawano-t@kf.hitachi-medical.co.jp.

image is overlaid on a regular B mode image as a

translucent color image, and colors are assigned suc
that blue indicates hard regions and red indicates sof§=. = now works at the Ultrasound System Division,
regions. Here, the invasive ductal carcinoma in the® == the Marketing Office, the Research Group. He is

\ -
center of the image (blue) is clearly imaged as a hard W) currently engaged in marketing of ultrasound
segment_ ~ + M . scanner. Mr. Sugiyama is a member of The Japan
Society of Ultrasonics in Medicine, and can be
reached by e-mail at
sugiyama@Kkf.hitachi-medical.co.jp.

Takashi Sugiyama
Joined Hitachi Medical Corporation in 1985, and

CONCLUSIONS

Here, we discussed the digital ultrasound scanner
and new technologies that we plan to incorporate into
this device.

The digital technologies that form the base of
current ultrasound equipment are constantly evolving. equipment. Mr. Mitake is a member of The Japan
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phenomena of ultrasound are becoming increasingly reached by e-mail at
advanced. The combination of these two factors is mitake @kt hitachi-medical.co p.
likely to further accelerate the pace of improvements
to the performance of ultrasound diagnostic
equipment.

In the future, Hitachi Group will continue to
develop technologies and equipment that will achievg
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