Visualization of a blo o d ow with Two-Dimensional Moving T arget Indication

Tsuyoshi KIMURA, Osamu OSHIRO, Ayumu MA T ANI,

Kosuke SA

TO and Kunihiro CHIHARA

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

1 In tro duction

Since the app earance of a sonar in W orld W ar I, ultrasonic devices are widely spread and

applied for v arious �elds; non-destructive ev aluations for industrial �eld, �sh �nders for

�shery

, active sonars for military use and diagnostic devices for clinical use. An ultrasonic

diagnostic device has b een a p ow erful to ol to observe organs such as heart, liver, and so

on and fetus with scanning an ultrasonic b eam for the last two decades.

A current ultrasonic diagnostic device has the function not only to observe the mor-

phology of organs but also to visualize a blo o d ow based on Doppler e�ect at the same

time. How ev er, owing to the disadv an tage of Doppler e�ect, only the comp onent parallel

to an ultrasonic b eam can b e detected. Therefore, the detailed observ ation of the blo o d

ow is not p erformed, esp ecially

, in the neighb orho o d of v alves of a heart.

In order to measure a blo o d velo city vector, the Doppler frequency shift must b e

detected from three di�erent directions. Chihara et al.[1] and F o x et al.[2] develop ed

three-prob e ultrasonic Doppler systems to measure the blo o d velo city vector at one p oint.

How ever, the three-prob e systems can not measure a blo o d velo city pro�les at many

p oints, b ecause it is di�cult to scan and to fo cus three b eams in a human heart. Otsuki

et al.[3] presented a metho d, based on the assumption that a ow direction is restricted

to a 2-D plane, for estimating 2-D blo o d velocity vectors in a human heart by using the

conv entional color Doppler system and Euler’s equation in ow dynamics. F urthermore,

Chihara et al.[4] prop osed a similar metho d using an equation of contin uit y in place of

Euler’s equation. Since the blo o d ow is not restricted to the 2-D plane, how ev er, these

estimation metho ds can not obtain the exact pro jection of the three-dimensional blo o d

velo city vector on the 2-D plane.

As a new metho d to measure the blo o d ow instead of ultrasonic Doppler metho d

ov ercoming problems as describ ed ab ove, we prop osed High-sp eed Digital Subtraction

Echograph y(High-sp eed DSE) and Two-Dimensional Moving T arget Indication(2D-MTI)

metho d [5]-[8] to visualize the blo o d ow and successed in extracting particles. The

DSE metho d has existed from long ago and not b een used for ultrasonic images. It was

unsuitable for extraction of moving targets, b ecause old type of the ultrasonic diagnostic

device could b e taken in only row frame rates.

Hence, we p erformed exp eriments using one particle owing in the straight tub e,

some particles in the straight tub e and some particles in the bump tub e, for the purp ose

of visualizing the ow with v arious velo cities. This pap er rep orts principle of 2D-MTI

metho d, exp erimental results and discussion. The conclusions contain a summary of key

results.

2 Principle of 2D-MTI Metho d

Pro cess of High-sp eed DSE is the image subtraction b etw een successive B-mo de echograms

measured with high frame rate, where the current frame is called as live image and the

last frame as mask image. High-sp eed DSE extracts moving targets and cancels �xed

structures in a scanning area. The principle of 2D-MTI metho d is shown in Fig.1.

Figure 1: Principle of 2D-MTI metho d using High-sp eed DSE system. B-mo de image

O r g (n) on the �rst row lines up successively

, where n is discrete frame num b er 0, 1,

2, � � �. High-sp eed DSE image S ub(n) on the second row is generated by subtraction

S ub(n) � S ub(n � 1) b etw een O r g (n). The moving targets on S ub(n) is one of O r g (n) as

negative intensit y is made nothing. B n(n) on the third row is binary image of S ub(n).

Finally

, 2D-MTI image M ti(n) on the last row is generated by sup erimp osing B n(n) +

B n(n � 1) + � � � accumulation of B n(n) on O r g (n).

O r g (n) on the �rst row is an original B-mo de image, where n is discrete frame number

0, 1, 2, � � �. Firstly

, S ub(n) on the second row is generated by applying High-sp eed DSE

for O r g (n). The negative comp onents resulting from the subtraction were comp elled to b e zero in order that only the particle of the live image app ears on S ub(n). The 3x3 median

�lter is used three times for S ub(n) to remov e sp eckle noise. B n(n) on the third row is

a binary image of S ub(n). The threshold level is set to extract only particles. 2D-MTI

image M ti(n) on the last row can b e generated by sup erimp osing the accumulation of

B n(n), B n(n) + B n(n � 1) + � � �, on O r g (n) describ ed in eq.(1),

M ti(n) = O r g (n) + k

X

i=0

B n(n � i)w

i

(1)

where w

i is a weight to make gradation in particles and k is the discrete frame num b er

of sup erimp osed B n(n). W e call a trace of a moving target as \worm". The worms

on the M ti(n) are given added weigh t by coloring as follows. The particles on the live

image B n(n) was colored to red and the color of the particles on the previous image,

B n(n � 1); B n(n � 2); � � � was changed gradually from green to yello w. A length and

direction of the worm indicate the sp eed and direction of a particle, resp ectively

. The

num b er of k is in inv erse prop ortion to the num b er of worms. The animation presentation

of a series of 2D-MTI image M ti(n) demonstrates the blo o d ow and �xed structures.

3

3 Exp erimen ts

Figure 2 shows an exp erimental arrangement,

Figure 2: Schema of the ow phantom. W ater and micro capsules ow through a straight or

bump shap ed tub e with a thickness of 1mm. The micro capsule, which includes inno cuous

gas, is made of VCl

2

-AN and has a diameter of 10-70�m. Ultrasonic B-mo de images were

taken with a conv ex typ e prob e with a resonant frequency of 3.5MHz connected to an

ultrasonic diagnostic device (Hitach Medical Corp EUB-565A).

where water and micro capsules ow at the constant sp eed of 500mm/sec through a

straight or bump shap ed rubb er tub e with a thickness of 1mm. The micro capsule, which

includes inno cuous gas, is made of VCl

2

-AN and has a diameter of 10-70�m. Ultrasonic

B-mo de images were taken with a conv ex typ e prob e with a resonant frequency of 3.5

MHz connected to an ultrasonic diagnostic device(Hitach Medical Corp. EUB-565A). In

the following exp eriments, �ve particles was used to construct the worm.

Firstly

, the exp eriment was p erformed using a straight tub e with a diameter of 13mm,

where only one particle ows through the tub e for the purp ose of extracting a particle

and selecting the adequate frame rate for a ow sp eed. B-mo de images were taken with

a frame rate of 60, 116, 164 and 303frame/sec. Secondly

, the exp eriment was carried out

using the straight tub e with a diameter of 12mm, where some particles ow through the

tub e to discriminate the worms. B-mo de images were taken at 116 frame/sec. Finally ,

the exp eriment was carried out using a bump tub e with a diameter of 40mm, where some

particles ow in the tub e for the purp ose of discriminating the worms and visualizing of

4 a turbulent ow. B-mo de images were taken at 116 frame/sec.

4 Results and Discussion

Figure 3(a)-(d) are the subtracted images S ub(n) in the case of one particle owing in the

straight tub e for a frame rate 60, 116, 164 and 303frame/sec, resp ectively

. Figure 3 is a

three-dimensional expression of S ub(n), where XY-plane corresp onds to an image plane

and Z-axis to the grey level of a pixel.

Figure 3: 3-Dimensional High-sp eed DSE image S ub(n) for a frame rate (a)60, (b)116,

(c)164, (d)303frame/sec. XY-plane corresp onds to an image plane and Z-axis to the grey

level of a pixel. In the high frame rate more than 100frame/sec((b)-(d)), �xed structures

are cancelled in the case of the ow sp eed of 500mm/sec.

Figure 4(a)-(d) show the 2D-MTI images M ti(n) for a frame rate of 60, 116, 164 and

303frame/sec, resp ectively .

5

(a) (b)

(c) (d)

Figure 4: 2D-MTI image M ti(n) for a frame rate (a)60, (b)116, (c)164, (d)303frame/sec.

If the ow sp eed is so fast for frame rate, e.g. (a), a scale of particle is large, howev er, it

is di�cult to recognize the worm. In this exp eriment, most suitable frame rate is (b).

Figure 3 indicates that this metho d requires the high frame rate more than 100

frame/sec to cancel �xed structures in the case of the ow sp eed of 500mm/sec. On

the other hand, Fig.4 demonstrates that the particle size and the distance b etw een parti-

cles b ecomes smaller as frame rate getting higher. The reason is that the particles b etw een

frames cancel each other when the ow sp eed is to o slow for frame rate. Therefore, it is

necessary to select the suitable frame rate.

W e prop ose the formula b etw een the ow sp eed and frame rate as describ ed in eq.(2).

f = v

p

(2)

where v is the ow sp eed, p is the length of particle on B-mo de images in the direction

of mov emen t and f is frame rate. When the ow sp eed is 500mm/sec and the length

of particle is 4.5mm, the suitable frame rate is ab out 110 frame/sec by eq.(2). W e can

conclude that most suitable frame rate to extract a particle and cancel �xed structures

is 116frame/sec (Fig.3(b) and Fig.4(b)). F ollo wing exp eriments were p erformed at frame

6 rate 116frame/sec.

Figure 5 shows the 2D-MTI image in the case of some particles in the straight tub e,

which indicates that four worms can b e distinguished and that their sp eed and direction

can b e identi�ed. F urthermore, the coloring helps to discriminate the worms.

Figure 5: 2D-MTI image in the case of some particles in the straight tub e, which indicates

that four worms can b e distinguished and that their sp eed and direction can b e identi�ed.

F urthermore, the coloring helps to discriminate the worms.

Figure 6(a)-(j) show the series of 2D-MTI images in the case of some particles in the

bump tub e. The time interv al of the image is 17msec. The result shows that this metho d

e�ects on visualizing the motion of worms with v arious directions in the turbulent ow.

Some worms do not hav e �ve particles, which means that the worms cross the scanning

plane, i.e. they have the ow comp onent normal to the plane.

7

(a) (b) (c) (d)

(e) (f ) (g) (h)

(i) (j)

Figure 6: The series of 2D-MTI images in the case of some particles in the bump tub e.

The time interv al of the image is 17msec. The result shows that this metho d e�ects on

visualizing the motion of worms with v arious directions and the turbulent ow. Some

worms do not hav e 5 particles, which means that the worms cross the scanning plane, i.e.

they hav e the ow comp onent normal to the plane.

F rom the ab ov e results, the Color Doppler metho d can not b e visualized the ow at

the region where the ultrasonic b eam crosses to the ow vector at right angles, while the

2D-MTI metho d can b e visualized the ow regardless of the angle b etw een the ow and

the b eam.

5 Conclusions

W e prop osed the 2D-MTI metho d to visualize the blo o d ow and p erformed basic exp er-

iments using a rubb er tub e to ev aluate this metho d. The exp erimental results show that

this metho d enables to extract particles and visualize the steady ow or the turbulent

ow. Consequently

, we successed to discriminate the worms on the 2D-MTI image more

clearly and to visualize the ow regardless of the measurement angles.

8

The 2D-MTI metho d using High-sp eed DSE system, which solves the problem of the

ultrasonic Doppler metho d such as dep endence on measurement angle, has the p otential

to visualize the tw o-dimensional the blo o d ow in heart and the blo o d vessel.

This work was supp orted in part by a Grant-in-Aid for Developmen tal Science Re-

seach(05555114) from the Ministry of Education, Science and Culture of Japan.

References

[1] K.Chihara, K.Shirae et al.: T rans. IECE, J68-c, 12, pp.1094-1100(1984).

[2] F o x M.D. and Gardiner W.M.: IEEE T rans. Biomed. Eng., BME-35, 10, pp.834-

841(1988).

[3] S.Otsuki, M.Okujima and M.T anak a: J. Acous. So c. Jap., 43, 10, pp.764-767(1987).

[4] K.Chihara: Automedica, 12, 1, pp.3-26(1989).

[5] K.Ishihara, J.T anouc hi, A.Kitabatake, et al.: Pro c. of IEEE 1990. Ultrasonic Sym-

p osium, 1473-1476.

[6] K.Y oshii, K.Chihara, et al.: Pro c. of ISCIE36, 1992, pp573-574.

[7] K.Y oshii, K.Chihara, et al.: Pro c. of Japan So c ME & BE30, 1992, pp402.

[8] K.Ishihara, K.Y oshii, K.Chihara, et al.: Pro c. of IEEE 1992. Ultrasonic Symp osium,

1277-1280.

9