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METHOD AND APPARATUS FOR SCAN
CONVERSION AND INTERPOLATION OF
ULTRASONIC LINEAR ARRAY STEERING
IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application No. 200710197056.0, filed on Nov. 29, 2007, for
“Method and Apparatus for Scan Conversion and Interpola-
tion of Ultrasonic Linear Array Steering Imaging,” the dis-
closure of which is fully incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates to scan conversion and inter-
polation of ultrasonic imaging.

BRIEF SUMMARY

[0003] A method and apparatus for scan conversion and
interpolation of linear array steering imaging in an ultrasonic
imaging system are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a diagram illustrating a conventional
method for DSC bilinear interpolation;

[0005] FIG. 2 is a diagram of a point spread function of
linear array non-steering imaging;

[0006] FIG.3isadiagram of scanlines and the point spread
function of linear array non-steering imaging;

[0007] FIG. 4 is a diagram of the scan lines and the point
spread function of linear array steering imaging;

[0008] FIG.S5isadiagramillustrating a conventional inter-
polation method of linear array steering imaging;

[0009] FIG. 6 is a diagram illustrating a method for scan
conversion and interpolation of ultrasonic linear array steer-
ing imaging according to the present disclosure; and

[0010] FIG. 7 is a schematic block diagram illustrating an
apparatus for scan conversion and interpolation of ultrasonic
linear array steering imaging according to the present disclo-
sure.

DETAILED DESCRIPTION

[0011] Medical ultrasonic imaging devices use the propa-
gation of ultrasonic waves in a human body to perform imag-
ing in various modes. This is accomplished by transmitting
ultrasonic waves and receiving ultrasonic information scat-
tered or reflected by tissues in the human body. The imaging
information is typically displayed on a monitor in real time.
[0012] Conventional ultrasonic imaging devices use scan
conversion systems to obtain the image data finally displayed
on the monitor. Specifically, the data received by a probe are
generally not received and synthesized in accordance with the
positions of the coordinates (i.e., rectangular coordinates) of
the pixels displayed on the monitor. The received data are
usually represented in the form of polar coordinates, and the
raster data displayed on the monitor are usually represented in
the form of Cartesian coordinates. The rectangular coordi-
nates of the pixels displayed on the monitor need to be con-
verted into the coordinates of acquisition data (i.e. polar coor-
dinates) through coordinate conversion so as to obtain the
ultrasonic information for the positions of the rectangular
coordinates of the finally-displayed pixels. This is often
accomplished by interpolation on the basis of the polar coor-
dinates using a process commonly referred to as scan conver-
sion interpolation. The method for converting the ultrasonic
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information obtained by the probe into the finally-displayed
image is sometimes referred to as the scan conversion
method. It may be understood that scan conversion includes
two major steps: coordinate conversion and interpolation.
[0013] In the article “Analysis of a scan conversion algo-
rithm for a real-time sector scanner” (IEEE Transactions On
Medical Imaging, Vol. MI-5, No. 2, June 1986), M. H. Lee et
al. describe a conventional scan conversion method employ-
ing a bilinear interpolation. As shown in FIG. 1, the R direc-
tion 1s the depth direction, and the 6 direction is the angle
direction. Assuming G (X, y) is a point to be displayed in the
rectangular coordinate system, first, the coordinates G'(R, 6)
in the polar coordinate system of point G is obtained by
coordinate conversion, and then the ultrasonic information of
point G' (i.e. point G) is obtained by bilinear interpolation of
four points A, B, C, D that are closest to G'(R, 6). Assuming
the angle between two adjacent scan lines is normalized as 1
and the distance between two points at adjacent depths is
normalized as 1, the coordinates of these four points are
respectively A(Ri, 01), B(Ri, 0i+1), C(Ri+1, 61), D(Ri+],
Bi+1), where Ri is obtained by rounding off R and 6i is
obtained by rounding off 0. Taking the normalized angle and
the normalized distance as weights, first, the value of point E
is obtained by means of interpolation between point A and
point Cin the R direction, then the value of point F is obtained
by means of interpolation between point B and point D, and
finally the value of point G' is obtained by means of interpo-
lation between point E and point F in the 8 direction, wherein
the interpolation is linear and the weights of the two points
depend on the distances between point G' and the points E and
F in the 0 direction as follows:

E=Ax(1-Ry+CxR;
F=Bx{1-R+DxR;
G'=Ex(1-0)+Fx0,
wherein,

R~=R-R;

0,~0-0,

[0014] All the pixel points in the rectangular coordinate
system go through the processes of coordinate conversionand
interpolation so as to obtain the value of each point for display
on the monitor.

[0015] The defects of prior approaches lie in the bilinear
interpolation method, which uses four points that are closest
to the point to be interpolated in depth for interpolation. In
practice, however, the interpolated data obtained from inter-
polation in the principal direction of the point spread function
would be more accurate. Generally speaking, the principal
direction of the point spread function (PSF) is petpendicular
to the depth direction. Therefore, as regards the non-steering
imaging of a linear array, a convex array, and a phased array,
since the direction of PSF is consistent with that perpendicu-
lar to the depth direction (i.e. the direction where the depths
are equal), coordinate conversion and interpolation can be
deemed as being performed in the principal direction of PSF.
However, as regards the steered linear array imaging, the
principal direction of PSF is not consistent with the direction
where the depths are equal. In this case, if the conventional
bilinear interpolation method is used, it is the interpolation in
the direction where the depths are equal instead of that in the
principal direction of PSF that is employed. As a result, the
interpolation result obtained therefrom would not be the most
accurate.
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[0016] Inlightof the above defects in prior approaches, the
present disclosure provides a method and apparatus for scan
conversion and interpolation of linear array steering imaging.
Since the interpolation used in the disclosed method is per-
formed in the principal direction of the point spread function
(PSF), the interpolation result obtained is more accurate than
that obtained using conventional methods.

[0017] According to one aspect of the present disclosure, a
method for scan conversion and interpolation of ultrasonic
linear array steering imaging includes performing coordinate
conversion on a coordinate point in a display coordinate sys-
tem by converting the coordinate point in the display coordi-
nate system into a coordinate point to be interpolated in an
acquisition data coordinate system. The method also includes
computing coordinates of two intersections where a principal
direction of a point spread function of the coordinate point to
be interpolated intersects two closest scan lines based on a
steering angle of the scan lines. In one embodiment, the
method further includes determining four interpolation
points that are closest to the two intersections on the two
closest scan lines based on the coordinates of the two inter-
sections. The method may also include obtaining values of the
two intersections by means of interpolation in the direction of
the scan lines using the four interpolation points; and obtain-
ing value of the coordinate point to be interpolated by means
of interpolation in the principal direction of the point spread
function of the coordinate point to be interpolated using the
values of the two intersections.

[0018] According to another aspect of the present disclo-
sure, an apparatus for scan conversion and interpolation of
ultrasonic linear array steering imaging may include a com-
ponent for performing coordinate conversion on a coordinate
point in a display coordinate system by converting the coor-
dinate point in the display coordinate system into a coordinate
point to be interpolated in an acquisition data coordinate
system. The apparatus may also include a component for
computing coordinates of two intersections where a principal
direction of a point spread function of the coordinate point to
be interpolated intersects two closest scan lines based on a
steering angle of the scan lines. In one embodiment, the
apparatus includes a component for determining four inter-
polation points that are closest to the two intersections on the
two closest scan lines based on the coordinates of the two
intersections. The apparatus may further include a component
for obtaining values of the two intersections by means of
interpolation in the direction of the scan lines using the four
interpolation points. In one embodiment, the apparatus
includes a component for obtaining value of the coordinate
point to be interpolated by means of interpolation in the
principal direction of the point spread function of the coordi-
nate point to be interpolated using the values of the two
intersections.

[0019] Themethod and apparatus of present disclosure pro-
vide a number of advantages. Since the PSF describes the
range of influence of one point in the space, it describes at the
same time the positions that are most correlated to that point.
Therefore, interpolation in the principal direction of PSF
tends to produce a most accurate result. With respect to the
linear array steering imaging mode, in comparison with the
methods performing interpolation in the direction perpen-
dicular to the depth direction that are used in conventional
technologies, the disclosed method performing interpolation
in the principal direction of PSF leads to a more accurate
interpolation result.

[0020] FIG. 2 shows a diagram of the PSF of linear array
non-steering imaging. In FIG. 2, the R direction in the coor-
dinate system is the direction for receiving scan lines (equiva-
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lent to the depth direction in the case of non-steering), the 6
direction is the direction which is parallel to the surface of the
probe, and the transmitting and receiving directions are in the
depth direction. Assuming there is a point in the space, the
PSF function (two-dimensional) of that point is supposed to
be like the white point as shown in FIG. 2. Since generally the
resolution ratio in the 0 direction is lower than that in the R
direction in the usual ultrasonic imaging, the diagram of the
PSF is a flat ellipse, and thus, the principal direction of the
PSF may be defined as the major axis direction of the ellipse.
The PSF describes the shape for the point in the space after
ultrasonic imaging, as well as the area that is affected by the
point in the space in the ultrasonic image.

[0021] FIG. 3 shows a diagram of the scan lines and PSF of
linear array non-steering imaging. In FIG. 3, the white lines
are scan lines which are usually consistent with the transmit-
ting direction, while the principal direction of the PSF is
perpendicular to the transmitting direction. Accordingly, the
principal direction of the PSF is also perpendicular to the
direction of the scan lines. In this regard, it can be understood
that the PSF determines to what degrees the points on the scan
lines are correlated with the point to be interpolated. The
stronger the energy at the portion where the PSF intersects the
scan line, the more correlated that portion with the value of
the point to be interpolated.

[0022] With regard to linear array steering imaging, as
shown in FIG. 4, the scan lines are steered not perpendicular
to the surface of the probe, but at a certain angle with respect
to the surface of the probe. As a result, the R direction is also
atacertain angle with respect to the depth direction. Since the
transmitting direction of the sound field is consistent with the
direction of the scan lines, the principal direction of the PSF
is still perpendicular to the scan lines; whereas the principal
direction of the PSF is no longer perpendicular to the depth
direction.

[0023] FIG. 5 shows a case inwhich a conventional method
for scan conversion and interpolation is applied in the linear
array steering imaging. The point to be displayed in the dis-
play coordinate system is G, which is converted into the
corresponding point G'(R, 0) in the polar coordinate system
through the coordinate conversion. Two points closest to
point G'(R, 8) are selected on two respective scan lines that
are most adjacent to point G'(R, 0) so as to obtain four points
A, B, C,D.Points A and B are of the same depth, points C and
D are of the same depth, points A and C are on the same scan
line, and points B and D are on the same scan line. The value
of point E is obtained by means of linear interpolation
between point A and point C, and the value of point F is
obtained by means of linear interpolation between point B
and point D. Points E, F and point G' being at the same depth,
the value of point G' is obtained by means of interpolation
between point E and point F as follows:

E=Ax{1-R)+CxR;
F=Bx(1-R+DxR,
G'=Ex(1-0)+Fx6,
wherein,
R~=R-R;
0,=6-9;

[0024] It can be seen that the conventional interpolation
method obtains the value of a point to be interpolated by
means of interpolation between two points along the same
depth. However, with regard to the case of linear array steet-
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ing, the PSF of point G' is perpendicular to the scan lines,
henceis not parallel to the 6 axis but ata certain steering angle
with respect to the 6 axis. Therefore, the conventional inter-
polation method does not perform interpolation between two
points most correlated to point G' to obtain the most accurate
values.

[0025] The method and apparatus of present disclosure, by
means of steering, compute two points on the scan line that
are most correlated to the point to be interpolated based on the
principal direction of the PSF for interpolation so as to obtain
the most accurate results.

[0026] FIG. 6 shows an interpolation method for linear
array steering imaging according to the present disclosure.
Assuming that the steering angle of the scan line is d and that
point G to be interpolated corresponds to point G' in the polar
coordinate system, then a conventional interpolation method
is to obtain the value of point G' by means of interpolation
between point E and point F of the same depth as G'. Never-
theless, in practice, the PSF of point G' is steered at a certain
angle owing to the steered transmission. As shown in FIG. 4,
the PSF is steered at a d angle with respect to the 0 axis and
perpendicular to the scan lines. Therefore, the value of point
G' obtained by means of interpolation between two points
most correlated to the principal direction of the PSF is more
accurate than the results obtained by conventional interpola-
tion methods. Assuming that points E' and F* are intersections
ofthe straight line passing through point G' and perpendicular
to two scan lines most closest to point G' with said two scan
lines (as shown in FIG. 6), since points E' and F' are in the
principal direction of the PSF of point G, the two points are
the points most correlated to point G' on the closest two scan
lines. According to the disclosed method, first, the coordi-
nates of points E' and F' are computed; then the values of
points E' and F' are obtained respectively by interpolation
between the points on the scan lines in the R direction; and
finally, the value of G' is obtained by means of interpolation
between points E' and F'.

[0027] Assuming that the angle between two adjacent scan
lines is normalized as 1, the distance between two points at
adjacent depths on one scan line is normalized as 1, let the
coordinates of the point to be interpolated be G'(R, 0) and the
coordinates of points E' and F' be (E; E.)) and (F;\F,)
respectively, then a formula may be obtained from FIG. 6 for
computing the coordinates of points E' and F' as follows:

ER = R+8; xsin(6) xK
E=6
Fp=R+(1-0;)xsin(0)x K
Fé=0;+1

K = unit_0/unit_ R

[0028] wherein, unit_0 is the unit sampling physical inter-
val in the 0 direction (i.e. the interval between two adjacent
scan lines), and unit_R is the unit sampling physical interval
in the R direction (i.e. the interval between two points in a
scan line).

[0029] The R coordinates of points E' and F' are not neces-
sarily at the same depth. With the increase of the steering
angle, the difference between the R coordinates of points E'
and F' will increase as well. With regard to the conventional
interpolation computation, points E and F for interpolation
are of the same depth as point G'. Therefore, four points A, B,
C, D areused that are closest to point G' in the direction where
the depths are equal for interpolation. However, with regard to
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steering imaging, the information most correlated to point G'
is not on these four points closest to the position of point G',
but on the four points closest to point G' in the principal
direction of PSF. In the present disclosure, two closest points
E'and F' computed in the principal direction of PSF are used
to find two points A'and C' closest to point E' and two points
B'and D' closest to point F' on two respective scan lines; and
the value of point G' is obtained by means of interpolation
between these four points A", B', C', D', wherein the respective
coordinates of these four points A', B', C', D' are:

A'(Eg/ Eo')
B'(Fgi'Fe)
C'(Epi+1,Eo)
D'(Fzs+1.Fy)

[0030] Unlike conventional sampling points, A' and B' are
not necessarily sampling points of the same depth, and C' and
D' are not necessarily sampling points of the same depth. The
values of point E' and point F' are obtained by means of
interpolation in the direction of the scan lines:

E'=A'x(1-r1)+Cr1
F'=B'%(1-r2)+D'%r2
r1=Eg"~Ep'
r2=Fp"~Fpg'

[0031] Finally, the value of point G' to be interpolated is
obtained by means of linear interpolation between the values
of points E' and F' in the principal direction of PSF:

G'=Ex(1-0)+F0,

[0032] The ultrasonic echo data obtained by interpolating
all the points to be interpolated may be displayed directly on
the monitor.

[0033] The structure of an apparatus for scan conversion
and interpolation of ultrasonic linear array steering imaging
according to the present disclosure is shown in FIG. 7. In one
embodiment, the apparatus includes a component for con-
verting coordinates of a point in a display coordinate system
into coordinates of a corresponding point to be interpolated in
an acquisition data coordinate system. The apparatus may
also include a component for computing coordinates of the
intersections where the principal direction of the PSF of the
point to be interpolated intersects two closest scan lines based
on the steering angle of scan lines. In one embodiment, the
apparatus includes a component for determining four inter-
polation points that are closest to the intersections on the two
closest scan lines based on the coordinates of the intersec-
tions. The apparatus may further include a component for
obtaining values of the intersections by means of interpola-
tion in the direction of the scan lines using the four interpo-
lation points. In one configuration, the apparatus may include
a component for obtaining value of the point to be interpo-
lated by means of interpolation in the principal direction of
the PSF based on the values of the intersections.

[0034] A person of ordinary skill in the art will recognize
that the described features, operations, or characteristics dis-
closed herein may be combined in any suitable manner in one
or more embodiments. It will also be readily understood that
the order of the steps or actions of the methods described in
connection with the embodiments disclosed may be changed
as would be apparent to those skilled in the art. Thus, any
order in the drawings or Detailed Description is for illustra-
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tive purposes only and is not meant to imply a required order,
unless specified to require an order.

[0035] Embodiments may include various steps, which
may be embodied in machine-executable instructions to be
executed by a general-purpose or special-purpose computer
(or other electronic device). Alternatively, the steps may be
performed by hardware components that include specific
logic for performing the steps or by a combination of hard-
ware, software, and/or firmware.

[0036] Embodiments may also be provided as a computer
program product including a machine-readable medium hav-
ing stored thereon instructions that may be used to program a
computer (or other electronic device) to perform processes
described herein. The machine-readable medium may
include, but is not limited to, hard drives, floppy diskettes,
optical disks, CD-ROMs, DVD-ROMs, ROMs, RAMs,
EPROMs, EEPROMSs, magnetic or optical cards, solid-state
memory devices, or other types of media/machine-readable
medium suitable for storing electronic instructions.

[0037] As used herein, a software module or component
may include any type of computer instruction or computer
executable code located withina memory device and/or trans-
mitted as electronic signals over a system bus or wired or
wireless network. A software module may, for instance, com-
prise one or more physical or logical blocks of computer
instructions, which may be organized as a routine, program,
object, component, data structure, etc., that performs one or
more tasks or implements particular abstract data types.
[0038] In certain embodiments, a particular software mod-
ule may comprise disparate instructions stored in different
locations of a memory device, which together implement the
described functionality of the module. Indeed, a module may
comprise a single instruction or many instructions, and may
be distributed over several different code segments, among
different programs, and across several memory devices.
Some embodiments may be practiced in a distributed com-
puting environment where tasks are performed by a remote
processing device linked through a communications network.
In a distributed computing environment, software modules
may be located in local and/or remote memory storage
devices. In addition, data being tied or rendered together in a
database record may be resident in the same memory device,
or across several memory devices, and may be linked together
in fields of a record in a database across a network.

[0039] It will be understood by those having skill in the art
that many changes may be made to the details of the above-
described embodiments without departing from the underly-
ing principles of the invention. The scope of the present
invention should, therefore, be determined only by the fol-
lowing claims.

What is claimed is:

1. A method for scan conversion and interpolation of ultra-
sonic linear array steering imaging, comprising:

performing coordinate conversion on a coordinate point in
a display coordinate system by converting the coordi-
nate point in the display coordinate system into a coor-
dinate point to be interpolated in an acquisition data
coordinate system,

computing coordinates of two intersections where a prin-
cipal direction of a point spread function of the coordi-
nate point to be interpolated intersects two closest scan
lines based on a steering angle of the scan lines;

determining four interpolation points that are closest to the
two intersections on the two closest scan lines based on
the coordinates of the two intersections;
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obtaining values of the two intersections by means of inter-
polation in the direction of the scan lines using the four
interpolation points; and
obtaining a value of the coordinate point to be interpolated
by means of interpolation in the principal direction of
the point spread function of the coordinate point to be
interpolated using the values of the two intersections.
2. The method according to claim 1, wherein the coordi-
nates of the two intersections where the principal direction of
the point spread function of the coordinate point to be inter-
polated intersects two closest scan lines are computed accord-
ing to a formula as follows:

ER = R+07 xsin(6) xK
E,=6;
Frp=R+(1-6;)xsin(6)x K
Fyp=0+1

K = unit_@/unit_ R

wherein coordinates of the coordinate point to be interpo-
lated is G' (R, 0) and coordinates of the two intersections
E'and F'are (E;Eq") and (F',Fy") respectively, unit_6 is
aunit sampling physical interval ina 8 direction, unit_R
is a unit sampling physical interval in a R direction and
d is a steering angle of the scan line.

3. The method according to claim 1, wherein the values of
the two intersections are obtained by means of interpolation
in the direction of the scan lines using the four interpolation
points according to a formula as follows:

E'=A'%(1-r1)+C%r1
F'=B'x(1-r2)+D'xr2
r1=EpEg,
r2=Fg"~Rp

wherein coordinates of the four interpolation points are
respectively A'(Ez, Egh, B'(F,\ Foh, C(Rz,'+1,E"), and
D'(Fg'+1,Fy"), and coordinates of the two intersections
are respectively E'(Eg,\E") and F'(F;,Fy").

4. The method according to claim 1, wherein the value of
the coordinate point to be interpolated is obtained by means of
interpolation in the principal direction of the point spread
function of the coordinate points to be interpolated using the
values of the two intersections according to a formula as
follows:

G'=Ex(1-0)+F'x0;

5. The method according to claim 1, wherein the display
coordinate system is a rectangular coordinate system and the
acquisition data coordinate system is a polar coordinate sys-
tem.

6. An apparatus for scan conversion and interpolation of
ultrasonic linear array steering imaging, comprising;

a component for performing coordinate conversion on a
coordinate point in a display coordinate system by con-
verting the coordinate point in the display coordinate
system into a coordinate point to be interpolated in an
acquisition data coordinate system,

a component for computing coordinates of two intersec-
tions where a principal direction of a point spread func-
tion of the coordinate point to be interpolated intersects
two closest scan lines based on a steering angle of the
scan lines;
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a component for determining four interpolation points that
are closest to the two intersections on the two closest
scan lines based on the coordinates of the two intersec-
tions;

a component for obtaining values of the two intersections
by means of interpolation in the direction of the scan
lines using the four interpolation points; and

a component for obtaining value of the coordinate point to
be interpolated by means of interpolation in the principal
direction of the point spread function of the coordinate
point to be interpolated using the values of the two
intersections.

7. The apparatus according to claim 6, wherein the coordi-
nates of the two intersections where the principal direction of
the point spread function of the coordinate point to be inter-
polated intersects two closest scan lines are computed accord-
ing to a formula as follows:

Ep = R+0; xsin(@) XK
E;=6;

Fp=R+(1-67)xsin(d)x K
Fp=6i+1

K = unit_@/unit_ R

wherein coordinates of the coordinate point to be interpo-
lated is G'(R, 8) and coordinates of the two intersections
E'andF'are (E; Eqy") and (F',Fy") respectively, unit_0is
aunit sampling physical interval in a 0 direction, unit_R
is a unit sampling physical interval in a R direction and
d is a steering angle of the scan line.

8. The apparatus according to claim 6, wherein the values
of the two intersections are obtained by means of interpola-
tion in the direction of the scan lines using the four interpo-
lation points according to a formula as follows:

E'=A'x(1-r1)+Cr1
F'=RB'%(1-r2)+D'%r2
11=Eg'"~Eg;

r2=F'~Fr{

wherein coordinates of the four interpolation points are
respectively A'(Eg,/\Eq'), B'(Fg,/.Fg), C'(Bg,/'+1.Eg), and
D'(Fg'+1,Fy), and coordinates of the two intersections
are respectively E'(E;' Eg") and F'(F ;' Fy)).

9. The apparatus according to claim 6, wherein the value of
the coordinate point to be interpolated is obtained by means of
interpolation in the principal direction of the point spread
function of the coordinate points to be interpolated using the
values of the two intersections according to a formula as
follows:

G'=Ex(1-8)+Fx0,

10. The apparatus according to claim 6, wherein the display
coordinate system is a rectangular coordinate system and the
acquisition data coordinate system is a polar coordinate sys-
tem.

11. A computer-readable medium comprising program
code for causing a computer to perform a method for scan
conversion and interpolation of ultrasonic linear array steer-
ing imaging, the method comprising:

performing coordinate conversion on a coordinate point in

a display coordinate system by converting the coordi-
nate point in the display coordinate system into a coor-
dinate point to be interpolated in an acquisition data
coordinate system;
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computing coordinates of two intersections where a prin-
cipal direction of a point spread function of the coordi-
nate point to be interpolated intersects two closest scan
lines based on a steering angle of the scan lines;
determining four interpolation points that are closest to the
two intersections on the two closest scan lines based on
the coordinates of the two intersections;
obtaining values of the two intersections by means of inter-
polation in the direction of the scan lines using the four
interpolation points; and
obtaining a value of the coordinate point to be interpolated
by means of interpolation in the principal direction of
the point spread function of the coordinate point to be
interpolated using the values of the two intersections.
12. The computer-readable medium according to claim 11,
wherein the coordinates of the two intersections where the
principal direction of the point spread function of the coordi-
nate point to be interpolated intersects two closest scan lines
are computed according to a formula as follows:

Ep = R+ 0, xsin(6) XK
E,=6;
Frp=R+(1-6;)xsin(6)x K
Fyp=0+1

K = unit_@/unit R

wherein coordinates of the coordinate point to be interpo-
lated is G' (R, 8) and coordinates of the two intersections
E'andF'are (E;Eq") and (F',Fg") respectively, unit_0is
aunit sampling physical interval ina 8 direction, unit_R
is a unit sampling physical interval in a R direction and
d is a steering angle of the scan line.

13. The computer-readable medium according to claim 11,
wherein the values of the two intersections are obtained by
means of interpolation in the direction of the scan lines using
the four interpolation points according to a formula as fol-
lows:

E=A%(1-r1)+C%r1
F'=B'%(1-r2)+D'xr2
rl1=Eg'-Eg;

F2=Fg'-Fg,

wherein coordinates of the four interpolation points are
respectively A'(Ez, Eg"), B'(Fz,\ Fg), C'(Eg,'+1,Ey"), and
D'(Fg'+1,Fg"), and coordinates of the two intersections
are respectively E'(E; Ey") and F'(F . F ).

14. The computer-readable medium according to claim 11,
wherein the value of the coordinate point to be interpolated is
obtained by means of interpolation in the principal direction
of the point spread function of the coordinate points to be
interpolated using the values of the two intersections accord-
ing to a formula as follows:

G'=Ex(1-0)+F'x0;

15. The computer-readable medium according to claim 11,
wherein the display coordinate system is a rectangular coor-
dinate system and the acquisition data coordinate system is a
polar coordinate system.

16. A system for scan conversion and interpolation of ultra-
sonic linear array steering imaging, comprising:

means for performing coordinate conversion on a coordi-

nate point in a display coordinate system by converting
the coordinate point in the display coordinate system
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into a coordinate point to be interpolated in an acquisi-
tion data coordinate system;
means for computing coordinates of two intersections
where a principal direction of a point spread function of
the coordinate point to be interpolated intersects two
closest scan lines based on a steering angle of the scan
lines;
means for determining four interpolation points that are
closest to the two intersections on the two closest scan
lines based on the coordinates of the two intersections;

means for obtaining values of the two intersections by
means of interpolation in the direction of the scan lines
using the four interpolation points; and

means for obtaining a value of the coordinate point to be

interpolated by means of interpolation in the principal
direction of the point spread function of the coordinate
point to be interpolated using the values of the two
intersections.

17. The system according to claim 16, wherein the coordi-
nates of the two intersections where the principal direction of
the point spread function of the coordinate point to be inter-
polated intersects two closest scan lines are computed accord-
ing to a formula as follows:

{E;g = R+8; xsin(6) XK

E) =6,

Fp=R+(1-6;)xsin(d)xK
Fé:0;+1

K = unit_6/unit_ R

wherein coordinates of the coordinate point to be interpo-
lated is G'(R, 6) and coordinates of the two intersections

Jun. 4, 2009

E'and F' are (Ez,E¢") and (F',F ") respectively, unit_6 is
aunit sampling physical interval ina 8 direction, unit_R
is a unit sampling physical interval in a R direction and
d is a steering angle of the scan line.

18. The system according to claim 16, wherein the values
of the two intersections are obtained by means of interpola-
tion in the direction of the scan lines using the four interpo-
lation points according to a formula as follows:

E'=A'%(1-r1)+Cr1
F'=B'%(1-r2)+D'%r2
r1=Eg"~Ep;'

P2=FpFy,

wherein coordinates of the four interpolation points are
respectively A'(Ez,\Eo"), B'(Fz/ . Fg), C'(Ex/+1,Eq), and
D'(Fg,'+1,F"), and coordinates of the two intersections
are respectively E'(E; Eg") and F'(F2\F,, ).

19. The system according to claim 16, wherein the value of
the coordinate point to be interpolated is obtained by means of
interpolation in the principal direction of the point spread
function of the coordinate points to be interpolated using the
values of the two intersections according to a formula as
follows:

G'=Ex(1-8)+Fx0,

20. The system according to claim 16, wherein the display
coordinate system is a rectangular coordinate system and the
acquisition data coordinate system is a polar coordinate
system.
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