Three-Dimensional Dynamic Imaging by a Spherical Pulsed W a v e of Ultrasound

Hirofumi TOJO, Naotoshi FUJIMOTO, Osamu OSHIRO,

Ayumu MA T ANI, Kosuke SA

TO, Kunihiro CHIHARA,

Masato ASAO

�

and T oshiyuki FURUKA W A

�

Graduate Scho ol of Information Science, Nara Institute of Science and T ec hnology .

�

Osak a National Hospital.

1 In tro duction

Ultrasonic diagnostic devices are widely used to observe the structure of internal organs[1]

and measure the blo o d ow velo city in vessels[2] noninv asiv ely . Howev er, in conv en tional

echograph y which requires scanning of a narrow and directional b eam, it is imp ossible

to image a tw o-dimensional(2-D) plane area instantaneously

. Since the scanning sp eed

is restricted by ultrasound velocity which is not fast in vivo, there is a time gap in a

echogram. F or example. the reconstruction of a dynamic image with a frame rate of

30 results in the time gap of 30msec. Moreov er, the time gap would b e muc h larger to

visualize three-dimensional(3-D) domain area. When a fast moving ob ject like an aortic

v alve or a blo o d vessel is measured, the time gap can not b e neglected. The concept of

our research is to overcome this problem and to visualize such as stenosal area in a blo o d

vessel.

Some inv estigators hav e suggested a 3-D imaging metho d to improv e this problem[3],

[4]. The time gap is reduced a lot by using pyramidal scanning with a phased-array

transducer in the metho d. This metho d may b e e�ective in visualizing static ob jects.

How ever, it is not �t to observe moving ob jects such as a human heart or a blo o d vessel

b ecause it also needs scanning. On the other hand, other researchers hav e rep orted

metho ds to visualize a human heart or the inside of a blo o d vessel[5],[6]. They synthesize a

3-D ultrasound image using o�-line reconstructions of serial cross-sectional clinical scans.

It is imp ossible to reconstruct 3-D images in real time yet. F or reconstruction of an

instantaneous 2-D echogram, we hav e develop ed an imaging metho d using a fan-b eam

and a linear array prob e without scanning[7]. Moreov er, we hav e suggested a 3-D imaging

metho d, in which a transmitter illuminates a measurement domain using a spherical

pulsed wa ve and some receivers detect echo signals as acoustic holography and also we

hav e rep orted static imaging results using a sliced ham and a rabbit heart[8].

In this pap er, we describ e the spatial resolutions of the 3-D imaging metho d, funda-

mental applications to dynamic imaging and so on. It b egins with a description of the

exp erimental system that enables us to capture the echo signal and to reconstruct the

3-D ob ject image, A description of exp erimental results obtained using a butter blo ck and

a copp er plate in water, discussions and conclusions follow. The conclusions contain a

summary of key results.

2 Exp erimen tal System

Figure 1 shows the exp erimental system consisting of the 2-D transducer array(aperture

size:3mm, resonance frequency:10MHz), the pulse generator (Hewlett Pac k ard 8116A,

voltage: 5V, pulse duration: 50nsec), tw o digital storage oscilloscop es (LeCroy 9314L,

sampling frequency: 100MHz, 8bits, memory capacity for data sto ck: 1Mbyte/c hannel,

the num b er of channels: 4), a p ersonal computer(Apple Macintosh Quadra/700) and an

image pro cessing workstation(Silicon Graphics Onyx Reality Engine

2

).

Figure 1: A blo ck diagram of the exp erimental system consisting of a 2-D transducer

array

, a pulse generator, digital storage oscilloscop es, a p ersonal computer and an image

pro cessing workstation.

Con�rmed in our previous pap er[8], the 3-D static image reconstruction is p erformed

as shown in Fig.2. A 3-D dynamic imaging is p erformed with rep eating the previous

rep orted 3-D imaging[8]. In exp eriments, the num b er of the pulse rep etition is �xed to 20

and the frequency is set to 10 or 100Hz. The v ast amount of image data is once bu�ered

in the digital storage oscilloscop es. After measurement the data are transferred to the

image pro cessing workstation through LAN(Lo cal Area Netw ork) and the dynamic image

is reconstructed and display ed on the workstation. Thus a bistatic dynamic 3-D image is

display ed using a depthcueing metho d. The 3-D image was observed from a �xed view

p oint so far. On the other hand, the image can b e seen from a v ariable view p oint.

Figure 2: The metho d for reconstructing a frontal 3-D view, in which a non-directional

spherical pulsed wa v e is transmitted to a measurement domain, the echo trav els from the

ob ject to receivers of the phased fan-shap ed ring array

, and the output of each receiver is

stored in the sp eci�c pattern on the memory .

3

3 Exp erimen tal Results

3.1 Spatial resolutions

Spatial resolutions are sp eci�ed with an axial resolution and a lateral resolution. The

former means a resolution in the depth direction of the domain area and the latter a

resolution in azimuth directions of C-mo de(constant depth mo de) images. In order to

examine the spatial resolutions, the exp eriments were p erformed using a copp er plate with

a 1.8mm diameter hole. In the exp eriments, the copp er plate was p ositioned at the v arious

distances from the prob e, and the 3-D images including the hole were reconstructed.

Reconstructed p ositions of the plate and reconstructed diameters of the hole in the image

were examined. The example of a result, twen t y C-mo de images, is shown in Fig.3.

Figure 3: The example of a result, tw en t y C-mo de images, is shown. The distance b etw een

the prob e surface and an image b ecomes larger(10mm { 19.5mm) from left to right image

and and from top to b ottom row.

The distance b etween the prob e surface and an image b ecomes larger(10.0 { 19,5mm)

from left to right image and from top to b ottom row. Figure 3 shows ob jects exist at

11.0 { 11.5mm from the prob e. Because a hole was seen at 11.0mm, the reconstructed

4 distance and diameter were 11.0mm and 2.4mm, resp ectively

, for this case. The image at

11.5mm was thought to b e a ghost image. The results were summarized in Fig.4.

Figure 4: The dep endency of the reconstructed distance b etw een a prob e surface and

a copp er plate and the reconstructed diameter of a hole in the copp er plate up on the

measured distance, where dotted and solid line indicate the real distance and diameter

and asterisks and crosses indicate the reconstructed distance and diameter, resp ectively .

In the �gure, each reconstructed p osition is in go o d agreement with the real p osition,

while ab out 1.0mm di�erence exists b etween the real diameter and the reconstructed.

Moreov er, the di�erence b ecomes larger as the measured distance b ecomes bigger. There-

fore, the lateral resolution is dep end on the distance from the prob e.

In the conv entional metho d, the axial resolution dep ends on the wa v e length of ul-

trasonic b eam, and the lateral resolution the width of the b eam. On the other hand, in

this metho d which do es not need b eam scanning, the axial and lateral resolutions mainly

dep end on the wa v e length � of ultrasound. When the ultrasound frequency is 10MHz and

5 the propagation velo city in water is 1,500m/sec, � is 0.15mm. Thus the axial resolution

is thought to b e ab out half the wa v e length and the lateral resolution several times of the

wa ve length.

3.2 Measuremen ts of a butter blo c k

The exp eriments were carried out using a butter blo ck, which was lo cated at 12.5mm

{ 16.5mm from the surface of the ring array prob e and jammed in a plastic tub e. In

the exp eriments, the pulse rep etition frequency was set to 100Hz. The reconstructed 3-D

frontal image of the butter at 0.0sec after the b eginning of measurement is shown in Fig.5.

Figure 5: The 3-D images of a butter blo ck, which is reconstructed by zo oming-up and

ov er-drawing C-mo de images in descending order of their distance from the prob e. The

reconstructed 3-D image can b e observed from a v ariable view p oint; (a) frontal view (b)

backw ard view.

In the �gure, the butter blo ck was visualized from 13.0mm { 15.0mm ahead of the

prob e. The reconstructed 3-D image can b e observed from a v ariable view p oint.

3.3 Measuremen ts of a mo ving copp er plate

W e applied this metho d to a moving ob ject. A plain copp er plate was placed in front

of the prob e, and the prob e was manually pulled apart from the plate when we b egan

measurement. In this exp eriment, the pulse rep etition frequency is set to 10Hz. Figure 6

shows the results of this exp eriment.

6

Figure 6: The 3-D images of a copp er plate on 0.0sec(a), on 0.8sec(b) and on 1.6sec(c)

after stating measurement, which are reconstructed by zo oming-up and ov er-dra wing C-

mo de images from left-upp er to right-low er corner in descending order of their distance

from the prob e.

Though small parts v anished by thresholding[8], this �gure, including 3-D images on

0.0, 0.8 and 1.6sec after the b eginning of measurement, demonstrates that we succeeded

in reconstructing a moving ob ject instantaneously .

4 Discussions

4.1 Image sensing rate

It takes 2D N =C to reconstruct an ultrasound B-mo de(brightness-mo de) image with a

conv entional ultrasonic diagnostic device, where D is the maximal depth of �eld, N is

the number of scanning lines, and C is the sp eed of wa v e propagation. Moreov er, it

takes longer to reconstruct a 3-D image. On the other hand, this metho d requires only

2D =C b ecause the measurement domain is illuminated instantaneously by an ultrasonic

spherical pulse, and it is thus p ossible to acquire the echo data in very short time using

this metho d. In fact, data acquisition time of a 3-D image is ab out 27�sec, where D =

20mm and C = 1,500mm/sec in vivo. Thus image sensing rate could b e raised up to

ab out 3700image/sec in this metho d. Therefore, it is obvious that the metho d is e�ective

in reconstructing a moving ob ject like a blo o d vessel and in obtaining a real-time 3-D

echogram.

7

4.2 Spatial Resolutions

As seen in Fig.4, this metho d has go o d spatial resolution in an axial direction, while

the resolution in a lateral direction is more or less than 1.0mm and is not su�cient for

observ ation of small area such as the insides of a blo o d vessel. In order to get high spatial

resolution in the lateral direction, there are some techniques as follows;

1. a M-sequence (maximum p erio d sequence) mo dulation metho d is used instead of

the pulse mo dulation metho d[9],

2. some 3-D images acquired with an element for transmitting sequentially changed

are averaged using an adv an tage of the high image sensing rate of this metho d.

The former technique needs complex system con�gurations and needs muc h longer

time to complete all pro cesses. On the other hand, the latter technique would not b e so

di�cult. Moreov er, the technique would not only make the spatial resolutions b etter but

also reduce sp eckle noises and artifacts in the ultrasonic images. Thus, the latter is more

e�ective in practical use. Any disadv antages resulting from av eraging of several images

hardly e�ect on high-sp eed data acquisition of this metho d since data acquisition time

is muc h smaller than the p erio d of video-rate(30msec/frame). F or the dynamic imaging

at video-rate (30frame/sec), ov er 1,000 echographs can b e av eraged b ecause the upp er-

limitation of the image sensing rate is 3,700image/sec. Thus higher-resolutional image

reconstruction could b e p erformed with the the av eraging technique.

5 Conclusions

A new 3-D ultrasonic imaging system has b een adv anced. Using our metho d, a 3-D

dynamic image is obtained instantaneously

. The exp erimental results obtained using a

butter blo ck and a copp er plate show that the system is �t for the correct measurement of

the ob ject depth p osition and form, and the results also indicate the p ossibility to observe

stenosal p ortions in blo o d vessels or mov emen ts of v alves of human heart in real-time.

Since the lateral resolutions can b e improved by using techniques describ ed ab ov e, our

metho d would b e very e�ective in clinic.

In the future, real-time pro cessing systems using DSP chips will b e helpful in observing

the inside of structures such as cardiov ascular vessels.

8

References

[1] A.Shum ulewitz: IEEE T rans. Biomed. Eng., 39 (1992)445.

[2] K.Chihara, Y.Sakurai, H.Matsuo, A.Kitabatake, H.Ab e: Electron. & Commun. Jpn.,

64-C, (1981)112.

[3] S.W.Smith, H.G.Pa vy ,Jr., O.T.Ramm: IEEE T rans. Ultrason. F erro electr. F req. Con-

trol, 38,(1991)100.

[4] O.T.Ramm, S.W.Smith, H.G.Pa vy ,Jr.: IEEE T rans. Ultrason. F erro electr. F req. Con-

trol, 38, (1991)109.

[5] W.Li, J.G.Bosch, Y.Zhong, H.V.Urk, E.J.Gussenhoven, F.Mastik, F.V.Egmond,

H.Rijsterb orgh, J.H.C.Reib er, N.Bom: Acoustical Imaging, eds. Y. W ei and B. Gu,

Plenum Press, New Y ork, 20, (1993)489.

[6] J.F.Greenleaf, M.Belohlav ek, T.C.Gerb er: Acoustical Imaging, eds. Y. W ei and B.

Gu, Plenum Press, New Y ork, 20, (1993)403.

[7] M.Mizuta, K.Chihara, K.Shirae: Jpn. J. Appl. Phys., 29 (1990)237.

[8] H.T o jo, O.Oshiro, K.Chihara, M.Asao: Jpn. J. Appl. Phys., 33 (1994)3162.

[9] Y.Murata, K.Koy ama, Y.T am ura: Acoustical Imaging, eds. Y. W ei and B. Gu,

Plenum Press, New Y ork, 20, (1993)379.

9