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(57) ABSTRACT

A method for extracting edge with subpixel accuracy in
photogrammetry, comprising steps of: a. capturing into a
computer a picture, of which the edge is to be extracted; b.
defining as a cell four neighboring pixels that form a square;
c. recognizing the type of each cell composed of the four
pixels; d. finding out side or sides of the cell that intersect
with,the edge and figuring out the subpixel accuracy coor-
dinates of the intersection points by linear interpolation; and
e. connecting the intersection points to extract the edge. By
this method edge curve is extracted rapidly and accurately.
The edge determined in this way can be subpixel accurate.
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METHOD FOR EXTRACTING EDGE IN
PHOTOGRAMMETRY WITH SUBPIXEL
ACCURACY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present invention claims the benefit of the
copending Chinese application No. 200610109242.X of the
same inventor, which is applied by Beijing United Univer-
sity on 3 Aug. 2006.

FIELD OF THE INVENTION

[0002] The present invention relates to a method in pho-
togrammetry and for extracting edge with subpixel accuracy,
and particularly to a method for extracting a part edge
obtained in applying industrial CT (ICT, Industrial Comput-
erized tomography).

BACKGROUND OF THE INVENTION

[0003] Inthe field of photogrammetry, it is often needed to
determine part edge in carrying out non-contact or non-
destructive measurement of the part; and it is needed in
picture search to extract the edge pixels of an image.
[0004] A measure method, that is to scan object cross-
section layer by layer along one direction using computer-
ized tomography, to obtain a series of slices is also called
“cross-sectional measurement”. Through extracting the
cross-sectional contour of the object by means of the cross-
sectional images, 3D reverse and reconstruction of the object
could be achieved. Through a picture obtained by industrial
CT or the like, the contour of the sectional entity could be
transfered into a STL file, which is commonly used in rapid
prototyping system, to immediately obtain the 3D model; or
the contour of the sectional entity could be transfered into
codes for NC machining, to machine a 3D part directly. A
critical step during this process is to extract entity edge from
the picture.

[0005] It has been found after search that edge extractions
previously were all based on a single pixel, such as in CN
1711559A (Seiko Epson Corp), wherein the accuracy was no
higher than the pixel accuracy and the processing speed is
low.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide an
extraction method wherein the position of the edge could
have subpixel accuracy;
[0007] Another object of the present invention is to pro-
vide an easy and rapid edge extraction method;
[0008] Still another object of the present invention is to
provide an extraction method which by means of cells is
used to extract contour curves and the coordinates of each
point on it.
[0009] For the above purpose, a solution is proposed as
follows:
[0010] a method for extraction of edge with subpixel
accuracy and used in photogrammetry, comprising the steps
of:
[0011] a. capturing into a computer a picture, of which
edges is to be extracted;
[0012] b. defining four neighboring pixels which form a
square as one cell;
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[0013] c. recognizing the type of each cell composed of
the four pixels;

[0014] d. finding out side or sides of a cell that intersects
with a part edge,, and determining the subpixel accu-
racy coordinates of the intersection points by linear
interpolation; and

[0015] e. connecting the intersection points, to extract
the part edge.

[0016] In the cell defined in the step b, each pixel is
compared with a threshold s, if the pixel is smaller than the
threshold s, the pixel is a background pixel; and if the pixel
is bigger than or equal to the threshold s, the pixel is a part
pixel;

[0017] In step c, determination regarding to which one of
16 situations each cell belongs to is made, thereby to
determine the relationship between the edge and the cell;
[0018] In step d, according to the relationship between the
edge and the cell determined in the step ¢, determination
regarding to the intersection side of the cell with the edge is
made, thereby to determine the coordinates of the intersec-
tion points.

[0019] The present invention proposes an edge extraction
method (cell extraction method), wich is more rapid and
accurate than the pixel accuracy edge detection operator. By
said method, position of the edge could be determined with
subpixel accuracy, much higher than pixel accuracy. The
speed of edge extracting is substantially raised due to its
simple algorithm and four-pixels-as-one-cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG.1 is a schematic view of a cell according to the
present invention;

[0021] FIG. 2 is a diagrams illustrating the sixteen rela-
tionships between the cell and a threshold.

DESCRIPTION OF THE EMBODIMENTS

[0022] The method according to the present invention is
mainly directed for the edge detection of an image. The
present invention is now detailed described in conjunction
with the drawings.

[0023] At first, a “cell” is defined by four pixels that
neighbor to each other and form a square. FIG. 1 is a
schematic view of a cell according to the present invention.
The method for edge extraction with subpixel accuracy
according to the present invention is also called “cell extrac-
tion method”, which fundamentally handles with the square
composed of four neighboring pixels, known as cell, instead
of a single pixel, as shown by the hatched area in FIG. 1.
FIG. 1 shows an image of 4x4 pixels including 3x3 cells.
The pixels are connected by vertical and longitudinal lines,
whose intersection points represent the pixels.

[0024] There are two kind of relationships between a pixel
and a threshold s: one is that the pixel is smaller than the
threshold s, the other is that the pixel is bigger than or equal
to the threshold s. If the pixel is smaller than the threshold
s, the pixel is defined as a background pixel, marked as
“part-external”; otherwise, it is defined as a part pixel,
marked as “part-internal”. Each cell has four sides, and each
side has two pixels. If both pixels on one side are part-
external or part-internal, then the edge of the part does not
pass through said side; and if one pixel on one side is
part-internal and the other on the same side is part-external,
then the edge of the part passes through said side. At the
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latter situation, the coordinates of the intersection point of
the edge and said side can be achieved through linear
interpolation, thereby to determine the position of this
intersection on the edge.

[0025] As a cell has only 4 pixels, there could be only 16
relationships between a cell and a threshold s, which are
showed as (1)-(16) in FIG. 2. In FIG. 2, the corners (angles
of a square) marked by solid points are part pixels, the
comers without marks are background pixels, and the con-
necting lines between the sides of a cell (connecting lines in
squares) shows how the edge passes the said cell.

[0026] Firstly a judge has to be made regarding to which
one of 1 6 relationship the cell composed of the four pixels
belongs to, then finding out the intersection line of the edge,
which followed by calculating the accurate subpixel accu-
racy coordinates of the intersection point through linear
interpolation, and finally acquire the connected relationship
between the points of the edge.

[0027] Specifically, the subpixel accuracy edge extraction
method in photogrammetry using “cell extraction method”
comprises the steps of: first, capturing into a computer data
of an image that is described by pixel matrix; defining four
neighboring pixels forming a square in the image as one cell;
comparing each pixel in a cell with a threshold s as to
determine which one of 16 types the cell composed of the
four pixels belongs to; finding out the intersection line of the
edge with the cell according to the type, and calculating the
accurate subpixel accuracy coordinates of the intersection
points of said intersection line with the four sides of the cell
by linear interpolation; connecting the resultant intersection
points, thereby to extract the edge.

[0028] In comparing the pixels with the threshold s, each
pixel is compared with the threshold s, if a pixel is smaller
than the threshold s, the pixel is a background pixel; and if
a pixel is bigger than or equal to the threshold s, the pixel is
a part pixel.

[0029] In conjunction with technologies in the prio art it is
easy for the persons skilled in the art to carry out the
comparation with the threshold, the calculation of the coor-
dinates of the intersection points of the edge with the cell
sides through linear interpolation, and the determination of
which one of 16 types the cell belongs to, which are used in
the solution of the present invention, and thus will not be
explained in detail.
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[0030] The above detailed description offers an exemplary
description of the practicable embodiments of the present
invention, but not intended to limit the scope of the inven-
tion. All equivalents or variations of these embodiments,
falling within the spirit and scope of the invention, e.g. an
equivalent embodiment of equal variation, are included in
the scope of the present invention.

1. A method for extraction of subpixel accuracy edge in

photogrammetry, comprising the steps of:

a. capturing into a computer a picture, of which edges is
to be extracted;

b. defining four neighboring pixels which form a square
as one cell;

c. recognizing the type of each cell composed of the four
pixels;

d. finding out side or sides of a cell that intersects with a
part edge,, and determining the subpixel accuracy coor-
dinates of the intersection points by linear interpola-
tion; and

e. connecting the intersection points, to extract the part
edge.

2. The method for extraction of subpixel accuracy edge in

photogrammetry according to claim 1, wherein:

in the cell defined in step b, comparing each pixel with a
threshold s, if the pixel is smaller than the threshold s,
the pixel is a background pixel; and if the pixel is
bigger than or equal to the threshold s, the pixel is a
pixel of a part.

3. The method for extraction of subpixel accuracy edge in

photogrammetry according to claim 1, wherein:

in step ¢, determining which one of 16 situations each cell
belongs to, thereby to determine the relationship
between the edge and the cell.

4. The method for extraction of subpixel accuracy edge in

photogrammetry according to claim 3, wherein:

in the step d, according to the relationship between the
edge and the cell determined in the step ¢, determining
the intersection line of the edge with the cell, thereby
to determine the coordinates of the intersection points.
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