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Abstract :  In order to observe and estimate the flow of fluid in three-dimensional space, the 
pulsed Doppler method has been used widely. However, the velocity information acquired is only 
the velocity component in the beam direction of the wave even if an observation plane is formed 
by beam scanning. Accordingly, it is difficult to know the velocity distribution in the observation 
plane in tree-dimensional flow. In this paper, the new idea for processing the velocity distribution 
in the beam direction on an observation plane for transposing to flux distribution (flow function 
method) has been introduced. Further, the flow in an observation domain is divided into two 
kinds of flows, viz., the base flow which indicates the directivity of the flow in the observation 
domain and the vortex which is considered a two-dimensional flow. By applying the theory of a 
stream function to the two-dimensional flow, and by using the physical feature of a streamline to 
the base flow, the velocity component v which intersects perpendicularly to the beam direction is 
estimated. The flow velocity distribution in a scanning plane (observation plane) can be known 
from these two components of velocity, viz., beam direction component u and perpendicular 
component to the beam direction v. The principle was explained by an example of the blood flow 
measurement in normal and abnormal heart chamber, by the ultrasonic Doppler method. 

Keywords : Pulsed Doppler technique, Ultrasonic Doppler method, Flow function, C-mode flow,   
Flow velocity distribution, Stream function, Streamline. 

1. Introduction 
When observing the flow of fluid existing in three-dimensional free space, two or more observation 
planes are established, and if the velocity distribution on each plane can be observed, quantitative 
analysis of a three-dimensional flow is attained. 

For this purpose, the ultrasonic color Doppler equipment developed for medicine by the 
ultrasonic pulsed Doppler method (Tanaka, et al., 1977; Namekawa, et al., 1983) and the Doppler 
radar equipment developed for weather observation and prediction by the electromagnetic wave 
pulsed Doppler method (Tatehira, 1987; Sasaki, 1998) can be put into practical use. The Doppler 
velocity distribution obtained by carrying out a beam scan on an observation plane can be displayed 
on the screens of these instruments in real time. Since the velocity information acquired now is based 
on the Doppler effect, it is only the Doppler velocity which is the velocity component in the beam 
direction of the wave. If the velocity component in the orthogonal direction to the beam in the 
observation plane is calculated, distribution of the velocity in an observation plane will be obtained 
from this velocity distribution. Then, we studied the method in order to obtain the velocity 
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distribution on the section plane of the fluid (Ohtsuki et al., 1986; Ohtsuki et al., 1987; Ohtsuki et 
al.,1989; Ohtsuki et al.,1989; Tanaka et al., 1977; Tanaka et al., 1989). 

In this paper, we show how to estimate the velocity component, which intersects 
perpendicularly with the beam in an observation plane, in consideration of the in-flow and out-flow 
from the outside of a plane, based on the distribution of the velocity component in the direction of the 
beam in the scanning plane. Furthermore, the method for deducing the velocity distribution of the 
flow in the observation plane is proposed. 

2. The Method of Estimating the Velocity Component in the 
Direction which Intersects Perpendicularly with a Beam in the 
Scanning Plane 
The principle of the estimating method is shown here by an example. The example is the blood flow 
measurement in a normal heart chamber by the ultrasonic pulsed Doppler method.  
 

 
  
 
 
 

Figure 1 shows the Doppler velocity distribution of the blood flow (velocity component in the 
beam direction) in the left ventricle obtained when the heart is scanned with an ultrasonic beam 
along the long axis of the heart and passing through the central part of the left atrium, the left 
ventricle, and the basal portion of the aorta. This figure is obtained by a sector scan on the chest 
surface during the systolic phase. The monochrome image shows a section of heart structure and the 
blood flow is expressed as the color image. A red component shows the blood flow approaching the 
ultrasonic probe and a blue component shows the blood flowing away from the probe according to the 
shade corresponding to the color bar on the right side of the figure. In this example, the velocity 
distribution along the beam direction by the sector scan is shown in Cartesian coordinates, in order 
to simplify the expression of the description of the principle. 
 
2.1 The Flow in an Observation Plane and an Observation Domain 
We consider the plane in which the velocity is observed. A pulse is emitted in this plane and the 
velocity component in the direction of the beam of the pulse is obtained. The linear scan of the beam 
is carried out. The x axis is set as the direction of the beam, and the y axis is set as the beam scanning 

Fig. 1. Color Doppler image of blood flow in the left ventricle on the longitudinal 
cross section of the heart (LV: left ventricle, LA: left atrium, AO: Aorta). 
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direction. They are orthogonal. This is shown in Fig. 2. The observed velocity is described as ),( yxu . 
Let the domain where measurement data is obtained be an observation domain (green area) within 
this observation plane. Out side of this observation domain, the velocity ),( yxu is taken to be zero. A 
portion of the fluid flows through the plane which contacts an observation domain. Even on the basis 
of these two assumptions, generality of the expression of flow will not be lost.   
In this case, we estimate the velocity component ),( yxv  in the direction of the y axis which 
intersects perpendicularly with the direction of the beam. 
 

 
 

In the vortex, the velocity component in the beam direction is closely connected with the 
velocity component in the direction which intersects perpendicularly. The flow in an observation 
domain is then separated into a vortex flow and a base flow. 

The velocity component ),( yxu in the direction of the beam is expressed by the vortex 
component ),( yxus  and base-flow component ),( yxub as 

),(),(),( yxuyxuyxu bs +=  (1) 
The velocity component ),( yxv of the direction intersecting perpendicularly with the beam is also 
expressed corresponding to each component by the vortex component ),( yxvs  and base-flow 
component ),( yxvb  as 

),(),(),( yxvyxvyxv bs +=  (2) 
The task is to calculate ),( yxvs and ),( yxvb  as velocity components which intersect perpendicularly 
with the beam, after separating the vortex component ),( yxvs from the velocity component ),( yxu  
in the beam direction. 
 
2.2 The Vortex and Its Stream Function in an Observation Domain 

 
 
 

Fig. 2. An observation plane and an observation domain.

Fig. 3. The vortex component of velocity in the direction of the beam 
),( yxus , and its stream function ),( yxS . 
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Note that the vortex in the observation domain, without supply of external fluid, is a 
two-dimensional flow, and the state of the flow can be expressed by the stream function which is the 
foundation of hydrodynamics. 

If this stream function ),( yxS  expresses the flux of two-dimensional flow and it differentiates 
over distance, the velocity components su  and sv will be obtained as 

y
Sus ∂

∂=  (3) 

x
Svs ∂

∂−=  (4) 

Here, a stream function is called for by the following expression, as shown in Fig. 3, 

�= dyuS s  (5) 

Since the vortex in an observation domain, as shown in Fig. 3, is a two-dimensional flow, and 
moreover does not contain the flow which passes through the boundary of a domain, the total flow 
through the integration line which crosses a domain serves as zero. This shows the feature of the 
vortex, namely, the flux calculated by the positive and negative component parts of su which 
intersect perpendicularly with the integration line negate each other. 
 
2.3 The Flow Function and the Flow Distance-Function 

 
  
 

 
 

Although there is generally leaving and coming flow between the observation domain and the 
domain which contacts in the observation domain in three-dimensional flow, as shown in Fig. 4, 
when the velocity component u in the beam direction in the observation domain is integrated along 
the course in the direction which intersects perpendicularly with the beam, as the stream function in 
two-dimensional flow, flux is calculated. This is called the flow function ),( yxF , in distinction to 
stream function ),( yxS , as 

�=
y

y
dyyxuyxF

0

),(),(  (6) 

 

Fig. 4. Relation between the flow function ),( yxF and the C-mode 
flow )(xFc . 



Ohtsuki, S. and Tanaka, M. 
 
 

73

Here, distance integration of the velocity component u in the beam direction is carried out over 
distance x in the direction of y, which intersects perpendicularly with the beam over range [ ]10 , yy  of 
a beam scan, and the flux is calculated. Considering C-mode image in medical ultrasonic system, this 
is named C-mode flow. 

Consequently, the C-mode flow )(xFc is calculable, as 

�= 1

0

),()(
y

y
dyyxuxFc  (7) 

This is the total flux over the interval 0y  to 1y . 
In case of polar coordinate,  

�=
θ

θ
θθθ

0

),(),( rdrurF  (8) 

�= 1

0

),()(
θ

θ
θθ rdrurFc  (9) 

Figure 5 shows an example of the flow function ),( θrF and the C-mode )(rFc . 
 

 
 
 
 
 

2.4 Separation of a Vortex Component and a Base Flow Component 
The relation among the velocity component u in the beam direction, flow function ),( yxF and 
C-mode flow )(xFc at the distance x is shown in Fig. 6.   

When calculating this flow distance-function, flux of only the positive portion of u is included in 
+cF , and flux of only the negative portion is included in −cF , that is 

−+ += FcFcxFc )(  (10) 

Here, when calculating the stream function S of a vortex, the flux of only the positive portion of 
su is included in +S , and the flux of only the negative portion is included in −S . Generally, if the 

vortex component in a domain is a maximum, the following relation occurs, 
),min( −+−+ −=−= FcFcSS  (11) 

 
 
 

Fig. 5. The flow-function ),( θrF displayed on the cross section picture of the heart 
(red area in left picture) and the C-mode flow )(rFc  (graph in right picture). 
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In the case of Fig. 6, since )(xFc of expression (8) is positive, the magnitude of +cF  is larger 

than that of −cF . Therefore, it follows that 

−− = cFS  (12) 

−+ −= cFS  
 (13) 

Then, the ratio k is defined as  

+

+=
cF
Sk  (14) 

In this case, k represents the ratio of the positive flux of the vortex to the positive portion of the total 
flux passing through the integration boundary. 

Accordingly, when inflow and outflow in the observation domain occur uniformly, and the 
velocity component u is positive, the velocity component su of the vortex is expressed as  

kuus =    )0( >u  (15) 

Also, the velocity component bu of the base flow is 
ukub )1( −=    )0( >u   

  0=               )0( ≤u  (16) 
From su thus obtained, the stream function ),( yxS is calculated by using the equation (5), and the 
velocity component sv  which is the rectangular component corresponding to su  is obtained by 
equation (4). Actual examples of the stream function ),( yxS and the velocity component bu  of the 
base flow are shown in Fig. 7. 

 
 

Fig. 6. Schematic representation of the logic for separating 
the two components of vortex and base-flow. 
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2.5 Estimation of the Orthogonal Velocity Component vb to the Velocity in the Beam 
Direction of the Base Flow by the Use of the Base Flow Streamline 
The base flow function ),( yxFb  is defined as 

),(),(),( yxSyxFyxFb −=  (17) 

The base flow function signifies the integration value of the base flow velocity component ),( yxub  
carried out normal to the beam direction. Further, the integration value of the flow function ),( yxF , 
along the line which intersects the observation domain at distance x, is in agreement with the 
C-mode flow )(xFc  as shown in Fig. 4. 

Now, a central streamline is considered in base-flow. Since the flux at every position x is the 
C-mode flow )(xFc , generally the flow distance-function differs at every position x because of the 
amount of flux at the border of the observation domain. Then, as a representative streamline of basic 
flow, the central line of the flow is regarded as the flow axis and the curve connected with the points 
where the flux becomes 50% in each position x is defined as the central streamline. Next, in order to 
obtain the central streamline thus defined, the flux is normalized by the C-mode flow )(xFc at each 
range x. The ),( yxFbn  thus obtained is named the normalized base flow function. 

)(
),(

),(
xF
yxFyxF

c

b
bn =  (18) 

The contour line of this function becomes a base flow streamline. At each point of the contour line, 
when the angle between the beam direction and a tangent to the base flow streamline is � , the 
velocity component bv , which is perpendicular to the velocity component  bu in the beam direction of 
base flow, can be found as follows. 

θtanbb uv =  (19) 
An example of the normalized base flow function ),( yxFbn is shown in Fig. 8. 
 

Fig. 7. The stream function �)S(r, in the left figure, and the two-dimensional 
distribution of the velocity component of the base flow bu  in the right figure. 
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By the process mentioned above, the velocity component v, which is normal to the beam 

direction in the observation plane, can found from expression (2). An example of the velocity 
component v is shown in Fig. 9. 

 
 
 

2.6 Derivation of the Flow Velocity Distribution on an Observation Plane 
As mentioned above, we can ask for the velocity component ),( yxv in the direction perpendicular to 
the beam from expression (2) based on the distribution information on the velocity component 

),( yxu  in the direction of the beam in the observation domain. Thus, the flow velocity in the 
observation domain from both velocity components ),( yxv and ),( yxu is obtained. 

In order to confirm reliability of the method proposed in this analysis, simulation of 
measurement of the velocity distribution of a flow model was carried out using the Rankine vortex. 
The scale of the Rankine vortex is as follows, radius of the vortex is 50 mm, radius of the forced 
vortex is 20 mm and the maximum velocity of the vortex is 50 cm/sec. Results of the simulation are 
demonstrated in Figs. 10 and 11.   

Figure 10 shows the two-dimensional distribution of the velocity of the Rankine vortex model. 
Figure 11 shows the comparative data of the velocity profile of the vortex obtained by this method 
and by calculation. The velocity profiles are in good agreement with each other. 

From these results, it can be said that reliability of the proposed method is very high, as the 
method for obtaining the velocity distribution in the observation plane established in 
three-dimensional flow.  

Figure 12 shows the flow velocity distribution for the case of Fig. 1 as the example. 

Fig. 8. An example of the normalized base flow function and the distribution of 
streamlines of the base flow. 

Fig. 9. Two-dimensional distribution of the velocity component v . 
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3. Practical Application for the Clinical Cardiology 
In corroboration of the practical significance of the method proposed here, clinical application of this 
method was tried to use for analyzing the characteristics of blood flow in the heart chambers. The 

Fig. 10. Two-dimensional velocity distribution of the Rankine vortex obtained by 
the proposed method. 

Fig. 11. Comparison between the velocity profile of the Rankine vortex obtained 
by the proposed method and the theoretical calculation at the center of the vortex. 

Fig. 12. The velocity distribution image of blood flow in the left ventricle during 
the ejection phase on the longitudinal cross section of the heart. 



The Flow Velocity Distribution from the Doppler Information on a Plane in Three-Dimensional Flow 
 
 

78 

ultrasonic pulsed Doppler method, frequency used was 2.5 MHz and pulse repetition rate was 4 kHz, 
was used for obtaining the velocity data of the blood flow. The cross section picture of the heart 
passing through the long axis of the left ventricle, aorta and left atrium was obtained by sector 
scanning on the chest surface of an examinee in supine position. Following three cases were 
examined, that is, normal, aortic stenosis and dilated cardio-myopathy.  

 
   
 
 
 
 
 
 

Figure 13 shows an example of a normal adult case obtained in the early systolic phase 
(ejection phase). The velocity image indicated that only the blood situated at the basal part of the 
ventricle is ejected in this phase. The magnitude of the vector is gradually increasing from the 
outflow tract to the aorta. A circular arranged pattern of the vector is observed at the area just below 
the closed mitral valve (the area between the LA and LV), that is indicated an existence of the eddy. 

  
  
 
 
 

Figure 14 shows an example of the convergent flow in a case of the aortic stenosis. As observed 
in the right side picture, the velocity distribution in the outflow tract area of the ventricle represents 
convergency to the isthmus of the aortic valve. The two circular distribution of the vector are 
observed at the area just behind the stenotic valve. 

 

Fig. 13. Two-dimensional distribution of the Doppler velocity (left) and the velocity (right) 
of the blood flow in the left ventricle in normal adult case. The monochrome image shows 
a longitudinal cross section of the heart structure and the blood flow is expressed as the 
color corded image of the velocity signal in the beam direction obtained by the ultrasonic 
method. A red component shows the flow approaching to the ultrasonic probe and a blue 
component flowing away from the probe. Magnitude of the velocity represents by the 
length of the yellow bar and the direction of the vector is shown by a red spot attached to 
the one end of the yellow bar. 

Fig. 14. A case of the aortic valve stenosis. The velocity distribution represented in the right 
side picture is obtained at the outflow tract area of the left ventricle encircled with a dotted line 
in the left side picture (AS�isthmus of aortic valve stenosis). 
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Figure 15 is obtained from a patient with the dilated cardio-myopathy. A circular arrangement 
of the velocity is demonstrated at the central area of the enlarged ventricle due to failure of the pump 
function. The circular arrangement indicated that the large vortex appears in the ventricle in early 
systolic phase. 

 
 
 
 

Figure 16 shows various kinds of circular arrangement of the velocity appeared in the left 
ventricle during diastole in normal case. The white arrow in the left side picture shows the eddy 
originated by the separation of the rapid blood flow passing through the orifice of the mitral valve in 
the early diastolic phase. The white arrow in the middle picture shows a large rotating flow appeared 
along the internal surface of the left ventricle from posterior wall to anterior one in the slow filling 
phase in diastole. In the right side picture obtained in the late diastolic phase, many small eddies 
(white arrows) are observed in the curved area of the meandering flow like as the Karman Vortex 
street. From the results of clinical experiment, it can be said that the estimation of the flow 
characteristics by the velocity distribution proposed in this study is very useful for clinical diagnosis 
and analysis of the flow dynamics in cardiology. 

4. Discussion 
In order to perform quantitative evaluation of flow in which various flows exist in natural space, it is 
essential to measure and to analyze quantitatively not only the flux and the pressure, but also the 
character of the flow (turbulent, laminar or vortex, etc). However, the flow which exists in natural 
space cannot necessarily be easily measured according to the substance which constitutes the flow, 
the environment where the flow exists, the scale of flow, etc. There is a methodological limit in the 
measurement using transducers, such as flow instruments and pressure gauges especially. All flows 

Fig. 15. A case of the dilated cardio-myopathy. The left ventricle is made to enlarge due 
to myocardial damage of the ventricular wall and decrement of the contractility. A large 
vortex is easily produced in the ventricle in both systolic and diastolic phase. In the left 
side figure, a red color area observed at the outflow area near AO indicates the aliasing 
of the velocity signal caused by the Nyquist limit. 

Fig. 16. The circular arrangement of the velocity appeared in three phases of the inflow to the 
ventricle during diastole in normal case, that is, rapid filling phase, slow filling phase and one 
shoot filling phase by the atrial contraction. 
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in natural space are three-dimensional. Furthermore, the following conditions are required of the 
measurement procedure, to comprehend fully the phenomenon of flow:  
1. The instantaneous phenomenon of change must be obtained (real time measurement is required). 
2. Information on spatial spread, position, and range must always be confirmed (detection of spatial 

position information is required). 
3. The rate of change is large. The portion which changes at high speed, and the portion which 

changes at a low speed, must be discriminable. It is required that what has large change width 
should be obtained simultaneously. 

In order to realize such measurements, laser Doppler methods, the radar Doppler methods, or 
ultrasonic Doppler methods, have applied the Doppler effect to light, to electromagnetic waves, or to 
ultrasonic waves respectively have been developed. Recently, the method for evaluating the quality of 
flow, from velocity information acquired with the Doppler method, is used increasingly (Sasaki, 1998; 
Tanaka et al., 1989; Tatehira, 1987). However, in such measurements, it is necessary to detect 
velocity for spatial position information simultaneously. Accordingly, a pulse wave must be used, an 
observation plane is formed by beam scanning and two-dimensional distribution of velocity on the 
scanning plane must be measured. However, the velocity information thus measured is only the 
component of velocity in the beam direction. Although the velocity data is displayed like as a 
two-dimensional distribution, three velocity components are still contained in the flow in the 
scanning plane. Therefore, when observing three-dimensional flow by a two-dimensional observation 
plane (beam scanning plane ), it is necessary to detect the velocity within the plane, taking each of 
the two kinds of components of flow, viz., the parallel component and the orthogonal component in 
the beam direction. However, a method for detecting these two velocity components separately has 
not yet been established. 

The method proposed here is one in which the two kinds of velocity components in an 
observation plane can be found separately by taking enough of the flow into consideration which 
crosses an observation plane and flows as a three-dimensional distribution (Ohtsuki, et al., 1986; 
Ohtsuki, et al., 1987; Ohtsuki, et al., 1989). Thus, the method can expect appreciable application as 
the processing method of velocity distribution information, if the component of velocity in the beam 
direction is obtained on the plane scanned with the beam of an electromagnetic wave or of an  
ultrasonic wave. 

This method is applicable in practice under the conditions that the two-dimensional measuring 
plane is formed in consecutive flow by beam scanning and that the velocity in the beam direction is 
measured as a two-dimensional distribution. Moreover, in applying this method, it is essential that 
the flow is the continuous flow without boundaries for separating the flow in three-dimensions. The 
reasons for this are as follows: Even if the velocity data is in the beam direction when being 
measured the continuous flow, the velocity component in the other beam direction which exists 
adjacently has a mutual affect. By using this relevance, in the method proposed here, the velocity 
component intersecting perpendicular to the beam direction is estimated. Therefore, it is difficult to 
ask for the velocity component in the direction which intersects perpendicularly by the use of the 
component of velocity on only one beam axis. 

The new idea for processing the velocity distribution in the beam direction on an observation 
plane for transposing to flux distribution has been introduced in this method. Further, the flow in an 
observation domain is divided into two kinds of flows, viz., the base flow which indicates the 
directivity of the flow in the observation domain and the vortex which is considered a 
two-dimensional flow. By applying the theory of a stream function to the two-dimensional flow, and 
by using the physical feature of a streamline to the base flow, the velocity component v which 
intersects perpendicularly to the beam direction is estimated. 

If this method is applied to analysis in medicine for blood flow in the human body, which is 
considered the most complicated flow, particularly blood flow in the heart and great vessels, this 
method is expected to play a major role in the analysis of the character of flow and the dynamic state 
measurement of the flow in local regions. 
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5. Conclusion 
The method of performing velocity measurements in arbitrary portions in fluids is proposed by 
employing the Doppler effect for which the wave motion is used as the method of evaluating 
quantitatively the flow existing in natural space, without disturbing the flow. 

In this paper, the new idea which can estimate velocity distribution of a three-dimensional flow 
on a two-dimensional observation plane is proposed. Here, the beam of a pulse wave can be scanned, 
the component of velocity within a plane of the direction of a beam and the direction which intersects 
perpendicularly can be estimated from distributions of the velocity component in the beam direction 
on the scanning plane obtained in real time, and the flow velocity distribution in a scanning plane 
(observation plane) can be known from these two components of velocity. Radar Doppler and 
ultrasonic Doppler methods are widely applied to measurements of fluids in which direct insertion of 
a transducer is impossible. The proposed method provides useful information processing as a 
technique for quantitative measurement of flow. 

Herein, the principle was explained as a linear scan. However, the same principle as the sector 
scan analyzed in cylindrical coordinates is applicable. Measurement of blood flow in the heart 
illustrated the case for application of the method. Consequently, it is easy to understand from a 
vector display and the velocity distribution in a scanning plane can be calculated, although it is hard 
to understand by the color display image of the directional component of velocity of a beam when it is 
easy to produce, especially a vortex, quantitative measurement of flow is possible.  

Acknowledgements 
The authors wish to thank Prof. F. Dunn of the Bioacoustics Lab., Univ. of Illinois for significant  
advices and instruction.  We are grateful to Mr. Okada, and Mr. Harada of Aloka Co., Ltd. for their  
support in the experiment of flow simulation. 

References 
Namekawa, K., Kasai, C., Tsukamoto, M. and Koyano, A., Real time blood flow imaging system utilizing auto-correlation 

techniques, Ultrasound Med. Biol., Suppl., 2 (1983), 203� 
Ohtsuki, S., Okujima, M. and Tanaka, M., Blood flow mapping based on Doppler information. J. Ultrasound in Med. � Biol., 

(Abstr. of  31st AIUM Annual Conv.), 5 (1986), 86. 
Ohtsuki, S., Okujima, M. and Tanaka, M., A method of flow vector mapping deduced from Doppler information, J. Acoust. Soc. 

Jap., 43 (1987), 764-767 ( in Japanese). 
Ohtsuki, S.,Tanaka, M. and Okujima, M., The  method for deducing the velocity distribution from two dimensional Doppler 

information. J. Flow Visual. Soc. Jap., 9 (1989), 269-272. 
Ohtsuki, S., Yamamoto, A., Tanaka, M. and Okujima, M., A method of flow vector mapping deduced Doppler data on sector 

scanned plane and its application, Automedica, 12 (1989), 41-52, Gordon Breach Science Pub. Inc., UK. 
Sasaki and Yoshi, K., Tornado and Hurricane - Need of accurate prediction and effective dissemination of information -, J. 

Visual. Soc. Jap., 19 (1998), 187-192. 
Tanaka, M., Okujima, M., Ohtsuki, S., Terasawa, Y., Konno, K. and Ebina, T., Non-invasive measurement of the blood flow 

velocity and of velocity distribution in cardiac chambers and great vessels by a new Doppler flow meter system, White, D., 
& Brown, R. E., eds. Ultrasound in Medicine, 3B, (1977), 1263-1277, Engineering Aspect, Plenum Press, N.Y. & London. 

Tanaka, M., Yamamoto, A., Endo, M., Takahashi, K., Ohtsuki, S. and Okujima, M., Quantitative evaluation of flow character 
of the blood flow in heart chambers. J. Flow Visual. Soc. Jap., 9 (1989), 41-344. 

Tatehira, R., Visualization of meteorological phenomena by radar, J. Flow Visual. Soc. Jap., 7 (1987), 411-417. 

Author Profile 
Shigeo Ohtsuki: He received the Ph.D. degree in engineer from Tokyo Institute of Technology in 1978. 
He is working for Precision and Intelligence Laboratory of Tokyo Institute of Technology as a professor. 
Research fields are electronics, acoustics, and ultrasonic application. He is a member of the Acoustical 
Society of Japan, a member of Medical Ultrasound of Japan, and a member of Visualization Society of 
Japan. 
 
 
 
 
 
 
 



The Flow Velocity Distribution from the Doppler Information on a Plane in Three-Dimensional Flow 
 
 

82 

Motonao Tanaka: He received the M.D. and Ph.D. degrees in medical science from Tohoku University in 
1959 and 1963 respectively. He as with the Research Institute for Chest Diseases and Cancer, Tohoku 
University, from 1959 to 1994, where he was a Professor of Medicine and Head of the Department of 
Medical Engineering and Cardiology.  From 1987 to 1991, he was a Professor of Medical Engineering 
Department in Tokyo Institute of Technology. Since 1992, he has been the President of Double Red 
Cross Medical Center, Sendai and a Prof. Emeritus of Tohoku Univ. His research interests are 
diagnostic application of acoustics to medicine and cardiology, especially Ultrasonics; echo-cardiography. 
He is a member of WFUMB, the Japan College of Cardiology, the Acoustical Society of Japan and a 
senior member of Visualization Society of Japan. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


