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Description

Technical Field

[0001] The present invention relates to an information embedding device which embeds embedment information in
vector data and an art related thereto.

Background Art

[0002] Document "Robust watermarking of vector digital maps" by Ohbuchi et al. describes a watermarking method
for vector digital maps. The method described therein is robust against similarity transformations.
[0003] Demand of an electronic map is increasing with the spread of a car navigation system and the Internet. To a
digital content such as the electronic map, a copy can be created easily. Accordingly, an illegal copy is increasing and
protection of copyrights poses an important problem.
[0004] Document 1 (published Japanese Patent Application Laid-Open No. 2001-78019) discloses the following in-
formation embedding method.
[0005] The information embedding method disclosed in the document 1 is explained using Fig. 34. In each drawing
of Fig. 34, a horizontal axis and a vertical axis are an x-coordinate axis and a y-coordinate axis, respectively.
[0006] First, a reference point S is calculated from an embedding target point A. More specifically, the reference point
S is calculated by masking lower digits of the coordinate of the embedding target point A according to embedment
information.
[0007] A slashed area of Fig. 34(a) shows a range in which the reference point S can take with respect to the embedding
target point A.
[0008] Moreover, the slashed area of Fig. 34(a) is divided into two areas of an area α of Fig. 34(b), and an area β of
Fig. 34(c). The area α is used in a case of embedment information "1", and the area β is used in a case of embedment
information "0".
[0009] That is, in the case of the embedment information "1", the embedding target point A is moved to a point B of
Fig. 34(b), and in the case of the embedment information "0", the embedding target point A is moved to a point B of Fig.
34(c).
[0010] In reading the embedment information ("1" or "0"), the reference point S is calculated, and the area a (Fig. 34
(b)) and the area β (Fig. 34(c)) are calculated, in the same manner as mentioned above. Thereafter, the embedment
information is determined by which area the point B belongs to, the area a or the area β.
[0011] Moreover, document 2 (published Japanese Patent Application Laid-Open No. 2002-300374) discloses the
following art.
[0012] First, as shown in Fig. 35(a), two reference points A and B are extracted. These reference points A and B are
both endpoints of a figure.
[0013] Next, based on the x-coordinates of the reference points A and B, a distance between the reference points A
and B is divided into n equal parts (here n= 5), and 1-bit information is embedded in each section.
[0014] Here, when information "0" is embedded, the number of points within the section is made to be even. When
information "1" is embedded, the number of points within the section is made to be odd.
[0015] In reading the embedment information, in the same manner as mentioned above, each section is determined
whether a value of the embedment information is "1" or "0" is determined by whether the number of the points within
these sections is either even or odd.
[0016] The documents 1 and 2 do not expect a case where the x-y coordinate system changes between the time of
embedding information and the time of reading information, and do not meet the case where the x-y coordinate system
changes. Therefore, when a rotation operation of a figure is performed between the time of embedding the information
and the time of reading the information, it becomes impossible to read correctly the embedment information only from
vector data after the operation.
[0017] This point becomes remarkable when a rotation operation occurs frequently, like in a case of the map data,
and, as a matter of fact, the methods of the documents 1 and 2 cannot be applied to vector data with such a property.

Disclosure of Invention

[0018] An object of the present invention is to provide an information embedding device which can cope with a rotation
operation of vector data.
[0019] The present invention as disclosed in claim 1 provides an information embedding device, comprising: an ex-
tracting unit operable to extract information of vertices composing a polygon from vector data including information of
the polygon; and an information embedding unit operable, utilizing the information of vertices extracted by the extracting
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unit, to embed embedment information into the vector data in a robust manner against rotating operation.
[0020] According to the present structure, even when the vector data has undergone the rotation operation, the
embedment information is held, and trouble is not produced when the embedment information is read out later.
[0021] A second embodiment of the present invention provides the information embedding device as claimed in the
first aspect, wherein the information embedding unit operates, according to the embedment information, a total number
of points of the polygon that the embedment information has been embedded.
[0022] According to the present structure, the total number of the points of the polygon does not change when the
polygon rotates. Even when a malicious third person moves the point of the polygon in order to nullify the embedment
information, no trouble may occur in reading the embedment information later.
[0023] A third embodiment of the present invention provides the information embedding device as claimed in the first
aspect, wherein the information embedding unit operates, according to the embedment information, a distance between
specified points of the polygon that the embedment information has been embedded.
[0024] According to the present structure, the distance between specific points of the polygon does not change, even
when the polygon rotates. Therefore, no trouble may occur in reading the embedment information later.
[0025] A fourth embodiment of the present invention provides the information embedding device as claimed in the
first aspect, wherein the information embedding unit changes, according to the embedment information, a number of
points that exist on sides of the polygon.
[0026] According to the present structure, the total number of the point of the polygon changes.
[0027] A fifth embodiment of the present invention provides the information embedding device as claimed in the first
aspect, wherein the information embedding unit inserts a point on a side of the polygon.
[0028] According to the present structure, a shape of the polygon does not change after the point is inserted.
[0029] A sixth embodiment of the present invention provides the information embedding device as claimed in the first
aspect, wherein the information embedding unit inserts a point at a position apart from a side of the polygon.
[0030] According to the present structure, a shape of the polygon can be made distorted by inserting the point.
[0031] A seventh embodiment of the present invention provides the information embedding device as claimed in the
first aspect, wherein the information embedding unit changes a number of points that exist on sides of the polygon in a
manner such that a remainder value and a value M of the embedment information have a fixed correspondence, the
remainder value being a remainder value where a number of points existing on sides of the polygon is divided by a
constant number N, wherein the constant number N is an integer not less than a value of 2 and the value M is a non-
negative integer less than the constant number N.
[0032] An eighth embodiment of the present invention provides the information embedding device as claimed in the
seventh aspect, wherein the fixed correspondence is a relationship that the remainder value equals to the value M of
the embedment information.
[0033] A ninth embodiment of the present invention provides the information embedding device as claimed in the
fourth aspect, wherein the information embedding unit comprises: a constant information inputting unit operable to input
a constant number N (N is an integer not less than a value of 2); a remainder calculating unit operable to calculate a
remainder where a number of vertices extracted by the extracting unit is divided by the constant number N; an inserting
number determining unit operable to determine a number of points to be inserted on a side of the polygon in a manner
such that the remainder calculated by the remainder calculating unit and the embedment information have a fixed
correspondence; and an insertion executing unit operable to insert points as many as the number determined by the
inserting number determining unit into the polygon.
[0034] According to these structures, the embedment information can be easily specified by the correspondence
between the value of the remainder and the value of the embedment information.
[0035] A tenth embodiment of the present invention provides the information embedding device as claimed in the first
aspect, wherein the constant number N is a constant number that does not depend on a number of vertices of the polygon.
[0036] According to the present structure, whatever the number of sides of the polygon is, the embedment information
can be embedded by a constant rule.
[0037] An eleventh embodiment of the present invention provides an information reading device, comprising: an
extracting unit operable to extract points on a polygon from embedment information-embedded vector data; and an
information reading unit operable to read the embedment information according to a number of the points extracted by
the extracting unit and a predetermined rule.
[0038] A twelfth embodiment of the present invention provides the information reading device as claimed in the eleventh
aspect, wherein the predetermined rule is a rule that a remainder value and a value of the embedment information have
a fixed relationship, the remainder value being a remainder value where a number of points extracted by the extracting
unit is divided by a constant number N (N is an integer not less than a value of 2).
[0039] A thirteenth embodiment of the present invention provides the information reading device as claimed in the
twelfth aspect, wherein the fixed relationship is a relationship that the remainder value equals to the value of the em-
bedment information.
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[0040] According to these structures, the embedment information which is not lost by a rotation operation can be read
certainly.
[0041] A fourteenth embodiment of the present invention provides the information reading device as claimed in the
eleventh aspect, wherein the information reading unit comprises: a number calculating unit operable to calculate a
number of the points extracted by the extracting unit; a constant information inputting unit operable to input a constant
number N (N is an integer not less than a value of 2); a remainder calculating unit operable to calculate a remainder
where the number calculated by the number calculating unit is divided by the constant number N; and an information
reading unit operable to read the embedment information according to the remainder calculated by the remainder
calculating unit.
[0042] According to the present structure, the embedment information can be specified based on the remainder.
[0043] A fifteenth embodiment of the present invention provides the information embedding device as claimed in the
first aspect, wherein the information embedding unit changes a representative point that has been determined concerning
the polygon in a manner such that a correspondence among a plurality of geometrical elements of the polygon changes.
[0044] A sixteenth embodiment of the present invention provides the information embedding device as claimed in the
fifteenth aspect, wherein the representative point includes a vertex of the polygon.
[0045] A seventeenth embodiment of the present invention provides the information embedding device as claimed in
the fifteenth aspect, wherein the plurality of geometrical elements are selected from a group consisting of a diagonal of
the polygon, a center of gravity of the polygon, a vertex of the polygon, and a representative point of the polygon.
[0046] According to these structures, the embedment information can be embedded in the polygon reflecting the
geometric property of the polygon.
[0047] An eighteenth aspect of the present invention provides the information embedding device as claimed in the
seventeenth aspect, wherein the diagonal of the polygon is the longest diagonal.
[0048] A nineteenth embodiment of the present invention provides the information embedding device as claimed in
the eighteenth aspect, wherein the information embedding unit changes the representative point in a manner such that
the longest diagonal keeps longest nature.
[0049] According to the present structure, it is easy to specify a diagonal which is to be targeted.
[0050] A twentieth embodiment of the present invention provides the information embedding device as claimed the
fifteenth aspect, wherein the correspondence is expressed using a distance between the plurality of geometrical elements.
[0051] According to the present structure, the correspondence can be expressed in terms of the distance.
[0052] A twenty-first embodiment of the present invention provides the information embedding device as claimed in
the fifteenth aspect, wherein the information embedding unit comprises: a correspondence determining unit operable to
determine a correspondence between a value of the embedment information and the plurality of geometrical elements;
and an embedding unit operable to change the representative point according to the correspondence determined by the
correspondence determining unit.
[0053] A twenty-second embodiment of the present invention provides the information embedding device as claimed
in the fifteenth aspect, wherein the representative point is a center of gravity of the polygon.
[0054] According to the present structure, the embedment information can be embedded in the polygon reflecting the
geometric property of the polygon.
[0055] A twenty-third embodiment of the present invention provides the information embedding device as claimed in
the fifteenth aspect, wherein the representative point indicates a facility location.
[0056] According to the present structure, the embedment information can be embedded in a polygon without changing
a shape of the polygon.

Brief Description of Drawings

[0057]

Fig. 1 is a functional block diagram of an information embedding device according to Embodiment 1 of the present
invention;
Fig. 2 is a flowchart of the information embedding device according to Embodiment 1 of the present invention;
Fig. 3(a) to Fig. 3(d) are illustrations of a polygon according to Embodiment 1 of the present invention;
Fig. 4(a) is an illustration of the polygon according to Embodiment 1 of the present invention;
Fig. 4(b) is a diagram illustrating a relationship of embedment information according to Embodiment 1 of the present
invention;
Fig. 5(a) to Fig. 5(e) are explanatory drawings of examples of embedding embedment information in Embodiment
1 of the present invention;
Fig. 6(a) is an illustration of the polygon according to Embodiment 1 of the present invention;
Fig. 6(b) is a diagram illustrating a relationship of embedment information according to Embodiment 1 of the present
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invention;
Fig. 7(a) to Fig. 7(e) are explanatory drawings of examples of embedding embedment information according to
Embodiment 1 of the present invention;
Fig. 8 is a functional block diagram of an information reading device according to Embodiment 2 of the present
invention;
Fig. 9 is a flowchart of the information reading device according to Embodiment 2 of the present invention;
Fig. 10(a) and Fig. 10(b) are diagrams illustrating a relationship of embedment information according to Embodiment
2 of the present invention;
Fig. 11 is a block diagram illustrating the information embedding device / information reading device according to
Embodiment 2 of the present invention;
Fig. 12 is a functional block diagram of an information embedding device according to Embodiment 3 of the present
invention;
Fig. 13 is a flowchart of the information embedding device according to Embodiment 3 of the present invention;
Fig. 14(a) to Fig. 14(c) are illustrations of polygons according to Embodiment 3 of the present invention;
Fig. 15(a) and Fig. 15(b) are explanatory drawings of the center of gravity according to Embodiment 3 of the present
invention;
Fig. 16 is a functional block diagram of an information reading device in Embodiment 4 of the present invention;
Fig. 17 is a flowchart of the information reading device according to Embodiment 4 of the present invention;
Fig. 18(a) and Fig. 18(b) are illustrations of polygons according to Embodiment 4 of the present invention;
Fig. 19 is a functional block diagram of an information embedding device according to Embodiment 5 of the present
invention;
Fig. 20 is a flowchart of the information embedding device according to Embodiment 5 of the present invention;
Fig. 21(a) to Fig. 21 (c) are illustrations of polygons according to Embodiment 5 of the present invention;
Fig. 22 is a functional block diagram of an information reading device according to Embodiment 6 of the present
invention;
Fig. 23 is a flowchart of the information reading device according to Embodiment 6 of the present invention;
Fig. 24(a) and Fig. 24(b) are illustrations of polygons according to Embodiment 6 of the present invention;
Fig. 25 is a functional block diagram of an information embedding device according to Embodiment 7 of the present
invention;
Fig. 26 is a flowchart of the information embedding device according to Embodiment 7 of the present invention;
Fig. 27(a) and Fig. 27(b) are explanatory drawings of the center of gravity according to Embodiment 7 of the present
invention;
Fig. 28 is a functional block diagram of an information reading device according to Embodiment 8 of the present
invention;
Fig. 29 is a flowchart of the information embedding device according to Embodiment 8 of the present invention;
Fig. 30(a) and Fig. 30(b) are explanatory drawings of the center of gravity according to Embodiment 8 of the present
invention;
Fig. 31(a) is a diagram illustrating a system structure of electronic equipment according to Embodiment 9 of the
present invention and Fig. 31(b) is a functional block diagram of the electronic equipment according to Embodiment
9 of the present invention;
Fig. 32(a) is a diagram illustrating a data structure of embedment information according to Embodiment 9 of the
present invention;
Fig. 32(b) is a diagram illustrating a procedure of an illegal copy exposure according to Embodiment 9 of the present
invention;
Fig. 33 is a flowchart of the electronic equipment according to Embodiment 9 of the present invention;
Fig. 34(a) to Fig. 34(c) are explanatory drawings of the conventional information embedding / information reading; and
Fig. 35(a) and Fig. 35(b) are explanatory drawings of the conventional information embedding / information reading.

Best Mode for Carrying Out the Invention

[0058] Hereinafter, embodiments of the present invention are described with reference to the accompanying drawings.

(Embodiment 1)

[0059] Hereinafter, Embodiment 1 of the present invention is explained with reference to the accompanying drawings.
Fig. 1 is a functional block diagram of an information embedding device according to Embodiment 1 of the present
invention.
[0060] As shown in Fig. 1, the information embedding device comprises an extracting unit 1 and an information
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embedding unit 2. The information embedding unit 2 comprises a constant information inputting unit 3, an inserting
number determining unit 4, a remainder calculating unit 5, and an insertion executing unit 6. The information embedding
unit 2, using information of vertices extracted by the extracting unit 1, embeds embedment information in vector data in
a manner such that the embedment information is held even when the coordinate system of the vector data is edited.
[0061] The extracting unit 1 inputs the vector data which includes information of a polygon, and extracts, from the
vector data, the information of plural vertices which constitutes the polygon.
[0062] The constant information inputting unit 3 inputs a constant N (an integer equal to or greater than 2).
[0063] The remainder calculating unit 5 calculates a value of a remainder of the number of the extracted vertices when
divided by the constant N determined by the constant information inputting unit 3. The inserting number determining unit
4 determines the number of insertion points to be inserted into the polygon such that the value of the remainder calculated
by the remainder calculating unit 5 and a value of the embedment information may have a fixed correspondence (both
values are equal in the present embodiment).
[0064] The insertion executing unit 6 inserts, on a side of the extracted polygon, as many insertion points as the
number determined by the inserting number determining unit 4, thereby embedding the embedment information.
[0065] Fig. 2 is a flowchart of the information embedding device according to Embodiment 1 of the present invention.
[0066] As shown in Fig. 2, the extracting unit 11 extracts a polygon from the inputted vector data at Step 10, and also
extracts vertices of the extracted polygon at Step 11.
[0067] At Step 12, the constant information inputting unit 3 inputs a constant N.
[0068] At Step 13, the remainder calculating unit 5 calculates a value of the remainder of the number of the extracted
vertices when divided by the constant N. At Step 14, the inserting number determining unit 4 sets the value of the
remainder to a value of embedment information.
[0069] The insertion executing unit 6 determines a side on which the insertion points are inserted at Step 15, and
inserts as many points as what to be inserted on the side of the extracted polygon at Step 16, thereby embedding the
embedment information.
[0070] In addition, the constant N inputted at Step 12 is used as key information in reading the embedment information.
[0071] In the present embodiment, the extracted polygon is a quadrangle and embedment information is embedded
by inserting a point on a side of the quadrangle.
[0072] Fig. 3(a) shows an example of the extracted polygon (a quadrangle with vertices P1 (x1, y1), P2 (x2, y2), P3
(x3, y3), and P4 (x4, y4)). In the example of Fig. 3(a), the number of the vertices of the extracted polygon is "4."
[0073] Now, it is assumed that the constant N=N0 and the embedment information M=M0. Here, the number of points
to be inserted is determined such that the value of the remainder of the sum of the number of points to be inserted and
the number of the vertices of the extracted polygon "4", divided by N0 is equal to M0. That is, the embedment information
M0 is embedded by inserting M0 pieces of points.
[0074] In the present embodiment, the fixed correspondence that the value of the remainder and the embedment
information M0 are equal is used. However, the fixed correspondence is not limited to this example, but the fixed
correspondence may be changed arbitrarily as long as one can be uniquely determined by the other. For example, if
N0=4 and M0=2, two points may be inserted.
[0075] In the present embodiment, points are inserted as follows.
[0076] That is, the points are inserted on three sides of P1P 2, P2P3, and P3P4, respectively among four sides of the
polygon P1P2 P3P4 shown in Fig. 3(a).
[0077] At this time, as shown in Fig. 3(b), it is assumed that the insertion points are at the middle points Q1 (x5, y5),
Q2 (x6, y6), and Q3 (x7, y7) of the three sides P1P2, P2P3, and P3P4, respectively. The insertion points are not
necessarily at the middle points.
[0078] The extracted polygon may be a concave polygon as shown in Fig. 3(c) and a polygon which "has a loop inside"
as shown in Fig. 3(d).
[0079] Fig. 4(a) shows an example of an extracted polygon (a quadrangle with vertices of P1 (0, 100), P2 (0, 0), P3
(100, 0), and P4 (100,100)).
[0080] Fig. 4(b) shows a correspondence between the value of the embedment information and the value of the
remainder for the quadrangle as shown in Fig. 4(a).
[0081] Here, the number of the vertices of the extracted polygon is Z, a constant is N, the number of insertion points
is Q, and the sum of Z and Q is W. The value of embedment information is M.
[0082] When such a correspondence among values Z, N, M, Q, and the value of the remainder exists, the value Q
changes as the value M changes.
[0083] Fig. 4(b) shows an example in which, assuming Z= 4 and N= 4, each value of M= 0, 1, 2 and 3 is embedded.
If the number Q to be inserted is determined such that the value of the remainder is 0, 1, 2, and 3, respectively, the
number Q is obtained such that Q= 0, 1, 2 and 3, respectively.
[0084] When an extracted polygon is a quadrangle and a constant N has a value of 4, Fig. 5 shows examples that a
point is inserted on a side of the quadrangle using the correspondence of Fig. 4(b).
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[0085] In Figs. 5(a), (b), (c), (d), and (e), points Pi (i = 1, 2, 3, 4) are four extracted vertices, and points Qi (i = 1, 2, 3)
are insertion points.
[0086] Fig. 5(a) shows that the extracted polygon is a quadrangle (vertices: P1, P2, P3, P4), and the polygon is before
being embedded.
[0087] Fig. 5(b) shows an example that information "0" is embedded when the constant N = 4. This example corresponds
to the case of embedding information "0" in Fig. 4(b). Here, the remainder of W of a value "4" divided by N of a value
"4" is "0", and, a value of the embedment information M is "0."
[0088] Fig. 5(c) shows an example that information "1" is embedded when the constant N = 4. This example corresponds
to the case of embedding information "1" in Fig. 4(b). Here, the remainder of W of a value "5" divided by N of a value
"4" is "1", and, a value of the embedment information M is "1." Therefore, as shown in Fig. 5(c), the middle point of the
side P1P2 is chosen as an insertion point Q1.
[0089] Fig. 5(d) shows an example that information "2" is embedded when the constant N = 4. This example corresponds
to the case of embedding information "2" in Fig. 4(b). Here, the remainder of W of a value "6" divided by N of a value
"4" is "2", and, a value of the embedment information M is "2." Therefore, as shown in Fig. 5(d), the middle point Q1 of
the side P1P2 and the middle point Q2 of the side P2P3 are chosen as insertion points.
[0090] Fig. 5(e) shows an example that information "3" is embedded when the constant N = 4. This example corresponds
to the case of embedding information "3" in Fig. 4(b). Here, the remainder of W of a value "7" divided by N of a value
"4" is "3", and, a value of the embedment information M is "3." Therefore, as shown in Fig. 5(e), the middle point Q1 of
the side P1P2, the middle point Q2 of the side P2P3, and the middle point Q3 of the side P3P4 are chosen as insertion
points.
[0091] Next, a case where an extracted polygon is a pentagon is explained. The present invention is similarly applicable
to a polygon more than a pentagon, such as a hexagon.
[0092] The pentagon of Fig. 6(a) has five vertices of P 1 (0,100), P2 (0, 0), P3 (100, 0), P4 (120, 50), and P5 (100,100).
[0093] For the pentagon as shown in Fig. 6(a), Fig. 6(b) shows a variation of the number of points to be inserted as
the value of the embedment information is changed.
[0094] Values M, Z, Q, W, and the remainder of Fig. 6(b) are same as in Fig. 4(a).
[0095] Fig. 6(b) shows an example in which, assuming Z= 5 and N= 4, each value of M= 0, 1, 2 and 3 is embedded.
If the number Q to be inserted is determined such that the value of the remainder is 0, 2, 1, and 3, respectively, the
number Q is obtained such that Q= 3, 1, 0 and 2, respectively.
[0096] When an extracted polygon is a pentagon and a constant N = 4, Fig. 7 shows examples that a point is inserted
on a side of the pentagon using the correspondence of Fig. 6(b).
[0097] In Figs. 7(a), (b), (c), (d), and (e), points Pi (i = 1, 2, 3, 4, 5) are five extracted vertices, and points Qi (i = 1, 2,
3) are insertion points.
[0098] Fig. 7(a) shows that the extracted polygon is a pentagon (vertices: P1, P2, P3, P4, and P5), indicating a state
before embedment.
[0099] Fig. 7(b) shows an example that information "0" is embedded when the constant N = 4. This example corresponds
to the case of embedding information "0" in Fig. 6(b). Here, the remainder of W of a value "8" divided by N of a value
"4" is "0", a value of the embedment information M is "0", and the number of insertion points Q is "3."
[0100] Therefore, as shown in Fig. 7(b), the middle point Q1 of the side P1P5, the middle point Q2 of the side P4P5,
and the middle point Q3 of the side P3p4 are chosen as insertion points.
[0101] Fig. 7(c) shows an example that information "1" is embedded when the constant N = 4. This example corresponds
to a case of embedding information "1" in Fig. 6(b). Here, the remainder of W of a value "6" divided by N of a value "4"
is "2", a value of the embedment information M is "1", and the number of the insertion point Q is "1." Therefore, as shown
in Fig. 7(c), the middle point Q1 of the side P1P5 is chosen as an insertion point.
[0102] Fig. 7(d) shows an example that information "2" is embedded when the constant N = 4. This example corresponds
to a case of embedding information "2" in Fig. 6(b). Here, the remainder of W of a value "5" divided by N of a value "4"
is "1", a value of the embedment information M is "2", and the number of the insertion points Q is "0." Therefore, there
is no insertion point in this case.
[0103] Fig. 7(e) shows an example that information "3" is embedded when the constant N = 4. This example corresponds
to the case of embedding information "3" in Fig. 6(b).
[0104] Here, the remainder of W of a value "7" divided by N of a value "4" is "3", a value of the embedment information
M is "3", and the number of insertion points Q is "2." Therefore, as shown in Fig. 7(e), the middle point Q1 of the side
P1P5 and the middle point Q2 of the side P2P3 are chosen as insertion points.
[0105] The present embodiment can be changed as follows.

(Modification point 1) A correspondence between remainder and embedment information may be changed.
(Modification point 2) When there is no object to embed on a side of a polygon, an insertion point may be inserted
in a location apart from the side.
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[0106] According to the present embodiment, there is the following effectiveness.

(Effectiveness 1) It is not necessary to set up a reference parameter and a variable parameter like the conventional
example.
(Effectiveness 2) By inserting a point on a side of a polygon, changing of a shape of the polygon before and after
insertion can be suppressed.
(Effectiveness 3) Even when a malicious third person tries to move one or more vertices among the vertices which
constitute a polygon, to falsify vector data and to erase embedment information, such an operation can be made
ineffective. It is because the number of vertices cannot be changed even when the malicious third person moves
the vertices of the polygon and there is no problem in holding the embedment information and subsequent reading.

(Embodiment 2)

[0107] Fig. 8 is a functional block diagram of an information reading device according to Embodiment 2 of the present
invention.
[0108] As shown in Fig. 8, this information reading device comprises an extracting unit 10 and an information reading
unit 11. The information reading unit 11 comprises a number calculating unit 12, a constant information inputting unit
13, a remainder calculating unit 14, and a reading unit 15.
[0109] The extracting unit 10 extracts a polygon from vector data in which embedment information is embedded and
further extracts vertices of the extracted polygon.
[0110] The number calculating unit 12 calculates the number of vertices of the polygon.
[0111] The constant information inputting unit 13 inputs a constant N which is an integer of two or more.
[0112] The remainder calculating unit 14 calculates a remainder by dividing the number calculated by the number
calculating unit 12 with the constant N which is inputted by the constant information inputting unit 13.
[0113] The reading unit 15 reads embedment information from this remainder.
[0114] Fig. 9 is a flowchart of the information reading device according to Embodiment 2 of the present invention.
[0115] At Step 20, the extracting unit 10 extracts a polygon from vector data.
[0116] At Step 21, the number calculating unit 12 calculates the number of vertices of the extracted polygon.
[0117] At Step 22, the constant information inputting unit 13 inputs a constant N.
[0118] At Step 23, the remainder calculating unit 14 calculates a remainder of the number of vertices divided by the
constant N.
[0119] At Step 24, the reading unit 15 reads embedment information based on this remainder.
[0120] Here, it is defined that the number of points which exist on sides of the extracted polygon is W, and that a value
of embedment information is M. Corresponding to Embodiment 1, tables shown in Fig. 10(a) and Fig. 10(b) are prepared
regarding a quadrangle in Embodiment 2. Fig. 10(a) shows a correspondence between a value of remainder of the
number W divided by a constant N and a value of embedment information M, when the value of N is "4." Moreover, the
correspondence as shown in Fig. 10(a) is arranged as digital-watermarking key information on both sides of the embed-
ding device and the reader.
[0121] For example, when the number W of vertices of the extracted polygon is "5", a value of the remainder R
calculated by the value N of "4" is "1", and the reading unit 15 reads that a value of the embedment information M is "1"
using the correspondence of Fig. 10(b).
[0122] Moreover, the number of vertices of the polygon before insertion is "4", and Fig. 10(b) shows that the number
Q of the insertion points is "1." Furthermore, fundamentally the same processing as mentioned above can be performed
as for a pentagon.
[0123] According to the present embodiment, there is the following effectiveness.

(Effectiveness 1) Embedment information can be read using the correspondence shown in Fig. 10(a) and Fig. 10(b).
(Effectiveness 2) Since the correspondence including the number of vertices of the polygon is used as shown in
Fig. 10(b), not only the value of the embedment information but the number of insertion points becomes clear.

[0124] Furthermore, each component of the information embedding device and the information reading device, ac-
cording to Embodiments 1 and 2 or all the other Embodiments to be mentioned later, can be constructed as a program,
can be installed in a computer, or can be made it circulated via a network.
[0125] As shown in Fig. 11, this program is typically stored in a recording media 31 such as a CD-ROM and a flexible
disk, and is installed in a storing device 28 such as a hard disk via a drive 30 and an I/O 29.
[0126] When a CPU 25 executes this program accessing a ROM26, a RAM27, and the hard disk 28, the information
embedding device and the information reading device in each embodiment mentioned above are realized.
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(Embodiment 3)

[0127] Fig. 12 is a functional block diagram of the information embedding device in Embodiment 3 of the present
invention. This information embedding device comprises an extracting unit 41 and an information embedding unit 42.
The information embedding unit 42 comprises a correspondence determining unit 43 and an embedding unit 44.
[0128] Similar to Embodiment 1, the extracting unit 41 inputs vector data, and extracts vertices of a polygon included
in the vector data.
[0129] Regarding a plurality of geometrical elements, the correspondence determining unit 43 determines the corre-
spondence between the value of embedment information and the plurality of geometrical elements. The plurality of
geometrical elements are chosen from a group that consists of a diagonal of the polygon, a center of gravity of the
polygon, vertices of the polygon, and a representative point of the polygon. In the present embodiment, the diagonal of
the polygon and the center of gravity of the polygon are chosen.
[0130] The correspondence of the geometrical elements can be expressed by either one of "distance between the
diagonal of the polygon and the center of gravity of the polygon", "distance between the diagonal of the polygon and the
representative point of the polygon" and "distance between the center of gravity of the polygon and the representative
point of the polygon".
[0131] In the present embodiment, the correspondence is expressed by "distance between the diagonal of the polygon
and the center of gravity of the polygon".
[0132] When embedment information is binary, a threshold T is defined for a distance chosen from the plurality of
distances mentioned above. It is assumed that if the chosen distance mentioned above is shorter than T, information
"0" is embedded; and if the chosen distance mentioned above is longer than T, information "1" is embedded. This is the
correspondence of the present embodiment.
[0133] The embedding unit 44 performs embedding by changing the representative point of the polygon based on the
correspondence determined by the correspondence determining unit 43. The representative point may be a vertex and
a point that does not indicate the geometric property of the polygon (for example, a point only attached to the polygon).
The representative point in the present embodiment is the center of gravity of the polygon.
[0134] Fig. 13 is a flowchart of the information embedding device in Embodiment 3 of the present invention. At Step
30, the extracting unit 41 extracts a polygon from the inputted vector data. At Step 31, the extracting unit 41 extracts
vertices of the polygon.
[0135] At Step 32, the correspondence determining unit 43 determines the center of gravity and the longest diagonal
of the polygon as geometrical elements of the polygon. At Step 33, the correspondence determining unit 43 determines
the coordinates of the center of gravity and the longest diagonal of the extracted polygon.
[0136] At Step 34, the correspondence determining unit 43 inputs embedment information, and determines the cor-
respondence between the embedment information and the geometrical element at Step 35. At Step 36, when the
embedment information is "0", the correspondence determining unit 43 defines the coordinates of a specific vertex
among the vertices of the polygon, in order to make the distance between the center of gravity of the polygon and the
longest diagonal shorter than the threshold T (the distance is zero in the present embodiment). At Step 36, when the
embedment information is "1", the correspondence determining unit 43 defines the coordinates of the specific vertex
among the vertices of the polygon, in order to make the distance between the center of gravity of the polygon and the
longest diagonal longer than the threshold T.
[0137] In addition, the advantage of choosing the longest diagonal is being able to uniquely specify a diagonal except
for a case where a plurality of diagonals of the same length exist.
[0138] Figs. 14(a) to 14(c) show a process of embedding embedment information in Embodiment 3 of the present
invention.
[0139] Fig. 14(a) illustrates a polygon before the embedment information is embedded. In this example, the polygon
is a quadrangle with four vertices P1 (0,100), P2 (0, 0), P3 (100, 0), and P4 (100,100).
[0140] When the polygon is a quadrangle, the plurality of geometrical elements in the present embodiment are the
longest diagonal of the quadrangle and the center of gravity of the quadrangle. In the quadrangle P1P2P3P4 of Fig. 14
(a), the longest diagonal is P1P3 (=P2P4). Moreover, the center of gravity G of the quadrangle P1P2P3P4 has the
coordinates (50, 50).
[0141] As arrangement information of the geometrical elements, the distance between the center of gravity G and the
longest diagonal P1P3 is determined. The distance between the center of gravity G and the longest diagonal P1P3 is
a length from the center of gravity G to a foot H of a perpendicular dropped from the center of gravity G to the longest
diagonal P1P3.
[0142] Here, this distance is determined using the following formula
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where the coordinates of G, H are (XG,YG) and (XH,YH).
[0143] Generally the range of the value that this distance can take is an arbitrary real number equal to or greater than
"0". Here, it is assumed that the embedment information is "0" or "1", and the threshold T is introduced (T= 1 in the
present embodiment).
[0144] It is further assumed that, when the embedment information is "0", this distance is shorter than the threshold
T; and when the embedment information is "1", this distance is longer than the threshold T.
[0145] More concretely, a vertex related to the distance between the center of gravity G and the longest diagonal
P1P3 (the vertex P2 in an example of Fig. 4(c)) is controlled so as to make the distance between the center of gravity
G and the longest diagonal P1P3 equal to or greater than the value "0" and equal to or smaller than the threshold T of
"1" when the embedment information is "0", and to make the distance between the center of gravity G and the longest
diagonal P1P3 greater than the threshold T of "1" when the embedment information is "1".
[0146] Fig. 14(b) shows an example which the embedment information "0" is embedded. In this example, since the
center of gravity G is on the longest diagonal P1P3, the distance between the center of gravity G and the longest diagonal
P1P3 is "0."
[0147] Fig. 14(c) shows an example in which the embedment information "1" is embedded. After embedding, the
center of gravity G of the quadrangle P1P3P4P5 (a vertex P1 (0,100), P2 (20, 0), P3 (100, 0), and P4 (100,100)) has
the coordinates (55, 50), and the longest diagonal is P1P3. Therefore, the distance between the center of gravity G and
the longest diagonal P1P3 is "3.5" (>T).
[0148] The present embodiment can be changed as follows.

(1) The vertex is controlled so as to change the center of gravity while the location of the longest diagonal is
maintained. To the contrary, the vertex may be controlled so as to change the location of the diagonal (but keeping
the longest nature) while the location of the center of gravity is maintained.
(2) The embedment information ("0", "1") may be replaced.
(3) Although the value of the threshold T is set to "1", the value can be substituted by an arbitrary value equal to or
greater than "0", instead of "1".
(4) In the example of Fig. 14, the center of gravity G has been determined using all coordinates of the vertices of
the polygon. However, a center of gravity of a circumscribed rectangle and a center of gravity of an inscribed rectangle
for the polygon may be used. For example, when the polygon is a pentagon P1P2P3P4P5 shown in Fig. 15(a), the
center of gravity G1 of a circumscribed rectangle P1P3P4P5 may be determined. Or the center of gravity G2 of an
inscribed rectangle Q1 Q2P4P5 may be determined.

[0149] When using the center of gravity G1, the center of gravity is determined without using the vertex P2 that partially
constitutes a polygon. Or when using the center of gravity G2, the center of gravity is determined using virtual vertices
Q1 and Q2 that are not originally included in the vertices that constitute the polygon.
[0150] When the polygon is an octagon P5P6P7P8P9P10P11P12 shown in Fig. 15(b), the center of gravity G3 of the
circumscribed rectangle Q3Q4P11P12 may be determined. Or the center of gravity G4 of the inscribed rectangle
P5P10P11P12 may be determined.
[0151] When using the center of gravity G3, the center of gravity is determined by not using the vertices P5, P6, P7,
P8, P9, and P10 that partially constitute the polygon, but using virtual vertices Q3 and Q4 that are not vertices of the
polygon originally. Or when using the center of gravity G4, the center of gravity is determined without using the vertices
P6, P7, P8, and P9 that partially constitute the polygon.
[0152] In any case, when determination of the center of gravity to be used, is defined uniquely, the determination of
the center of gravity is set up arbitrarily. This point is similarly applicable to each embodiment mentioned later.

(Embodiment 4)

[0153] Fig. 16 is a functional block diagram of the information reading device in Embodiment 4 of the present invention.
This information roading device comprises an extracting unit 51 and an information reading unit 52. The information
reading unit 52 comprises a correspondence examining unit 53 and a reading unit 54.
[0154] The extracting unit 51 inputs vector data (in which, embedment information according to Embodiment 3 is
embedded) including the information of a polygon, and extracts the information of vertices that constitute the polygon
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from the vector data.
[0155] Next, the correspondence examining unit 53 examines the same correspondence as the correspondence
determining unit 43 of Embodiment 3 uses. The geometrical elements in the correspondence are the center of gravity
and the longest diagonal of the polygon. Of course, regarding the threshold T, the same threshold T as in Embodiment
3 is used here. In other words, the correspondence examining unit 53 determines the distance between the center of
gravity and the longest diagonal of the polygon, and outputs the distance to the reading unit 54.
[0156] The reading unit 54 compares the distance and the threshold T which the correspondence examining unit 53
has determined, and reads the embedment information based on the comparison result. More concretely, when the
distance is smaller than the threshold T, the information "0" is read. When the distance is greater than the threshold T,
the information "1" is read.
[0157] Fig. 17 is a flowchart of the information reading device in Embodiment 4 of the present invention. At Step 40,
the extracting unit 51 extracts a polygon from the inputted vector data, and extracts vertices of the polygon at Step 41.
[0158] At Step 42, the correspondence examining unit 53 chooses the center of gravity and the longest diagonal of
the polygon as the geometrical elements, and determines the center of gravity and the longest diagonal of the polygon
at Step 43. At Step 44, the correspondence examining unit 53 examines the above-mentioned correspondence, calculates
the above-mentioned distance, and outputs the distance to the reading unit 54.
[0159] At Step 45, the reading unit 54 performs the above-mentioned great-and-small comparison. As the result, the
embedment information ("0" or "1") is read.
[0160] As shown in Fig. 18(a), when the extracted polygon is a quadrangle P1P2P3P4 (vertices P1 (0,100), P2 (0, 0),
P3 (100, 0), and P4 (100,100)), the longest diagonal is P1P3 (=P2P4). The center of gravity G of the quadrangle
P1P2P3P4 has the coordinates (50, 50). The distance between the center of gravity G (50, 50) and the longest diagonal
P1P3 is "0" Therefore, the value of the embedment information is judged to be "0."
[0161] As shown in Fig. 18(b), when the extracted polygon is a quadrangle P1P2P3P4 (vertices P1 (0,100), P2 (20,
0), P3 (100, 0), and P4 (100,100)), the longest diagonal is P1P3. The distance between the center of gravity G (55, 50)
and the longest diagonal P1P3 is "3.5" (>T). Therefore, the value of the embedment information is judged to be "1."
[0162] In addition, in Embodiments 1 and 2, when the range for the value of the embedment information is changed,
it is also extensible to multiple values other than binary ("0" and "1"). For example, it is assumed that geometrical elements
are a diagonal and the center of gravity, and N pieces of the embedment information (N is integer equal to or greater
than two) are "0", "1"... "N-1." Moreover, it is assumed that arrangement information of geometrical elements is distance
between the two geometrical elements, that is, the information regarding the distance between the diagonal and the
center of gravity. It is also assumed that the distance is expressed by d (d is a real number equal to or greater than
zero). At this time, it is sufficient enough to define each correspondence such that "information "0" is embedded" corre-
sponds to "an arrangement state of the diagonal and the center of gravity where d is equal to or greater than 0 and
smaller than 1/N", "information "1" is embedded" corresponds to "an arrangement state of the diagonal and the center
of gravity where d is equal to or greater than 1/N and smaller than 2/N", ... , and "information "N" is embedded" corre-
sponds to "an arrangement state of the diagonal and the center of gravity where d is equal to or greater than (N-1)/N."
[0163] According to Embodiment 2, there is the following effectiveness.

(Effectiveness 1) By changing the range of the value of the embedment information, it is extensible to multiple values
other than binary ("0" and "1").
(Effectiveness 2) Since reading uses arrangement state of the geometrical elements, the resistance to rotation
operation is high.

[0164] The present embodiment can be changed as follows.

(1) Embedment information ("0", "1") may be replaced.
(2) Although the value of the threshold T is set to "1", the value can be substituted by an arbitrary value equal to or
greater than "0", instead of "1."

(Embodiment 5)

[0165] Fig. 19 is a functional block diagram of the information embedding device in Embodiment 5 of the present
invention. The information embedding device comprises an extracting unit 61 and an information embedding unit 62.
The information embedding unit 62 comprises a correspondence determining unit 63 and an embedding unit 64. Similar
to Embodiment 1, the extracting unit 61 inputs vector data and extracts vertices of a polygon included in the vector data.
[0166] The correspondence determining unit 63 chooses a geometrical element from a group which is constituted by
a diagonal of the polygon, a center of gravity of the polygon and a representative point of the polygon, and determines
correspondence of the chosen geometrical element with the arrangement information. In the present embodiment, it is
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assumed that the representative point is a facility location that is not directly related to the geometric property of the
polygon. Here, for example, the facility means buildings, such as a house, a school, a hospital and so on. The facility
location is a location where a name or an acronym of the facility, the appearance of which is shown by the polygon, is
expressed in relation to the polygon.
[0167] Moreover, the geometrical element of the present embodiment is the center of gravity of the polygon. The
correspondence is expressed by the distance between the center of gravity G and the facility location of the polygon.
Regarding the distance, a threshold T similar to Embodiment 1 is defined (T=1 in the present embodiment). It is assumed
that when the information "0" is embedded, the distance is set to be equal to or smaller than the threshold T; and when
the information "1" is embedded, the distance is set to be greater than the threshold T. In addition, the correspondence
determining unit 63 operates, in operating the distance, the facility location rather than the center of gravity G, the vertex,
and so on.
[0168] Fig. 20 is a flowchart of the information embedding device in Embodiment 5 of the present invention. At Step
50, the extracting unit 71 extracts a polygon from the inputted vector data, and extracts vertices of the polygon, at Step 51.
[0169] At Step 52, the correspondence determining unit 63 chooses the center of gravity of the polygon as the geo-
metrical element, and chooses the facility location as the representative point of the polygon. At Step 53, the corre-
spondence determining unit 63 calculates the distance between the center of gravity and the facility location of the polygon.
[0170] At Step 54, the correspondence determining unit 63 inputs the embedment information, and determines the
facility location of the extracted polygon according to the value of the embedment information that is inputted at Step
55. The correspondence determining unit 63 sets the distance to be equal to or smaller than the threshold T when
embedding the embedment information "0"; and sets the distance to be greater than the threshold T when embedding
the embedment information "1". The embedding unit 64 moves the facility location of the polygon to the facility location
that is determined at Step 55. Thereby, the embedment information is embedded.
[0171] Fig. 21(a) illustrates the polygon (a quadrangle P1P2P3P4: vertices P1 (0,100), P2 (0, 0), P3 (100, 0), and P4
(100,100)) before the embedment information is embedded. This polygon possesses the facility location (coordinates:
(30, 20)) as the representative point.
[0172] The center of gravity G of the quadrangle P1P2P3P4 of Fig. 21(a) has the coordinates (50, 50).
[0173] Fig. 21(b) shows an example that the embedment information "0" is embedded in the quadrangle of Fig. 21
(a). The facility location has the coordinates (50, 50). The distance between the center of gravity G and the facility location
is "0."
[0174] Fig. 21(c) shows an example that the embedment information "1" is embedded in the quadrangle of Fig. 21(a).
The facility location has the coordinates (30, 20). The distance between the center of gravity G and the facility location
is "36.1" (>T).
[0175] According to the present embodiment, reference is unnecessary while it was necessary in the conventional
example.
[0176] The present embodiment may be changed as follows.

(1) Although the center of gravity is chosen as one of two geometrical elements, the diagonal may alternatively be
chosen as one of two geometrical elements; thereby the embedment information can be embedded by the same
operation.
(2) The embedment information ("0", "1") may be replaced.
(3) Although the coordinates of the facility location is changed, the location of the center of gravity may be changed
instead. However, when changing the center of gravity, the shape of the quadrangle is changed since the coordinates
of the vertex of the quadrangle are changed. Therefore, it is desirable to change the facility location.
(4) Although the value of the threshold T is set to "1", the value can be substituted by an arbitrary value that is equal
to or greater than "0", instead of "1".

(Embodiment 6)

[0177] Fig. 22 is a functional block diagram of the information reading device in Embodiment 4 of the present invention.
The information reading device of the present embodiment performs processing for vector data in which embedment
information is embedded by the information embedding device in Embodiment 5. The information reading device com-
prises an extracting unit 71 and an information reading unit 72. The information reading unit 72 comprises a correspond-
ence examining unit 73 and a reading unit 74.
[0178] The extracting unit 71 inputs the vector data (the embedment information is embedded according to Embodiment
5) including the information of the polygon, and extracts, from the vector data, the information of the vertices that constitute
the polygon.
[0179] The correspondence examining unit 73 examines the same correspondence as in Embodiment 5. More con-
cretely, the correspondence examining unit 73 calculates the distance between the center of gravity and the facility
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location, and outputs the distance to the reading unit 74. Of course, the same threshold T as in Embodiment 5 is used here.
[0180] The reading unit 74 reads the embedment information. More concretely, when the above-mentioned distance
is equal to or smaller than the threshold T, the reading unit 74 reads the embedment information "0". When the above-
mentioned distance is greater than the threshold T, the reading unit 74 reads the embedment information "1".
[0181] Fig. 23 is a flowchart of the information reading device in Embodiment 6 of the present invention.
[0182] At Step 60, the extracting unit 71 extracts a polygon from the inputted vector data, and extracts the vertices of
the polygon at Step 61.
[0183] At Step 62, the correspondence examining unit 73 chooses the center of gravity of the polygon as a geometrical
element, and chooses the facility location as a representative point of the polygon. At Step 63, the correspondence
examining unit 73 calculates the distance between the center of gravity and the facility location of the polygon, and
examines the correspondence at Step 64. At Step 65, the reading unit 74 reads the information embedment "0", when
the distance is equal to or smaller than the threshold T, and reads the embedment information "1", when the distance
is greater than the threshold T.
[0184] When the extracted polygon is, as shown in Fig. 24(a), a quadrangle P1P2P3P4 (vertices P1 (0,100), P2 (0,
0), P3 (100, 0), and P4 (100,100)) and the facility location has the coordinates (50, 50), the center of gravity G of the
quadrangle P1P2P3P4 has the coordinates (50, 50). Moreover, the distance between the center of gravity G and the
facility location is "0" (<T). Therefore, it is judged that the embedment information "0" is embedded.
[0185] When the extracted polygon, as shown in Fig. 24(b), is a quadrangle P1P2P3P4 (vertices P1 (0,100), P2 (0,
0), P3 (100, 0) and P4 (100,100)) and the facility location has the coordinates (30, 20), the center of gravity G of the
quadrangle P1P2P3P4 has the coordinates (50, 50) and the distance between the center of gravity G and the facility
location is "36.1" (>T). Therefore, it is judged that the embedment information "0" is embedded.
[0186] According to the present invention, by changing the range of the value of embedment information, it is also
extensible to multiple values other than binary ("0" and "1"), similar to Embodiment 2.
[0187] The present embodiment can be changed as follows.

(1) Embedment information ("0", "1") may be changed.
(2) Although the value determining the range of the value of the embedment information is set to "1", the value can
be substituted by an arbitrary value that is equal to or greater than "0", instead of "1".
(3) The range of the value which the distance can take can be changed. In other words, the arrangement information
of the geometrical element can be changed.

(Embodiment 7)

[0188] Fig. 25 is a functional block diagram of the information embedding device in Embodiment 7 of the present
invention. This information embedding device comprises an extracting unit 81 and an information embedding unit 82.
The information embedding unit 82 comprises an inserting unit 83 and an embedding unit 84.
[0189] The extracting unit 81 inputs vector data including definition information of a polygon, and extracts a plurality
of vertices which constitute the polygon.
[0190] The inserting unit 83 determines insertion points (the number is N; N = 1 in the present embodiment) which
should be inserted in between two vertices adjoining each other among the plurality of vertices that are extracted by the
extracting unit 81. For example, when the polygon is a quadrangle, since the number of vertices of the polygon is "4",
the number of the insertion points is "4".
[0191] The embedding unit 84 embeds all the insertion points that are determined by the inserting unit 83 in the
extracted polygon.
[0192] Next, referring to Fig. 27, relationship between an insertion point and embedment information is explained.
Hereafter, it is assumed that the value of the embedment information is 1 bit ("0" or "1").
[0193] It is assumed that the polygon before embedding is a quadrangle P1P2P3P4 shown in Fig. 27(a). At this time,
the center of gravity G1 of the quadrangle P1P2 P3P4 is nothing else but the intersection of the diagonals P1P3 and P2P4.
[0194] As shown in Fig. 27(b), when the insertion points Q1, Q2, Q3 and Q4 are the middle points of each segment
P1P2, P2P3, P3P4, and P4P1 respectively, the center of gravity G2 of a quadrangle Q1Q2Q3Q4, which is constituted
by the insertion points Q1, Q2, Q3, and Q4, is in agreement with the center of gravity G1 of the quadrangle P1P2P3P4.
[0195] In the present embodiment, a case where the center of gravity G1 and the center of gravity G2 are in agreement
corresponds with a case where a value of embedment information is "0". In addition, in order to secure an acceptable
range against an error etc., a small threshold T (for example, T= 1) is introduced. When the distance between the centers
of gravity G1 and G2 is equal to or smaller than the threshold T, it is considered that the two centers of gravity G1 and
G2 are in agreement.
[0196] On the other hand, in Fig. 27(c), the center of gravity G2 of the quadrangle Q1Q2Q3Q4 that is constituted by
the four insertion points Q1, Q2, Q3, and Q4 separates from the center of gravity G1. The distance between the centers
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of gravity G1 and G2 exceeds the threshold T. In the present embodiment, a case where the two centers of gravity G1
and G2 are not in agreement (more precisely, the distance between the centers of gravity G1 and G2 exceeds the
threshold T) corresponds with a case where the value of the embedment information is "1".
[0197] In Fig. 26, the inserting unit 83 determines a plurality of insertion points so as to satisfy the above-mentioned
relationship (the relationship between the value of the embedment information and the distance between the two centers
of gravity).
[0198] Fig. 26 is a flowchart of the information embedding device in Embodiment 7 of the present invention. At Step
70, the extracting unit 81 extracts a plurality of vertices that constitute a polygon from vector data, and outputs the
extracted information of the plurality of vertices to the inserting unit 83.
[0199] At Step 71, the inserting unit 83 checks the value of the embedment information. When the value is "0", the
processing moves to Step 72, and when the value is "1", the processing moves to Step 73.
[0200] At Step 72, for example, as shown in Fig. 27(b), the inserting unit 83 determines all insertion points such that
the center of gravity of the polygon constituted by the insertion points matches with the center of gravity of the extracted
polygon.
[0201] At step 73, for example, as shown in Fig. 27(c), the inserting unit 83 determines all insertion points such that
the center of gravity of the polygon constituted by the insertion points separates from the center of gravity of the extracted
polygon as far as the distance that is greater than the threshold T.
[0202] At Step 74, the embedding unit 84 embeds the insertion points, which are determined by the inserting unit 83,
into the extracted polygon, and outputs the result as the embedment information embedded vector data.
[0203] In the present embodiment, when inserting the insertion points, the insertion points are arranged on straight
lines which connect each of the point P1 and the point P2, the point P2 and the point P3, the point P3 and the point P4,
and the point P4 and the point P1, therefore, a change of shape from the data of embedment information to the original
data can be avoided.
[0204] The present embodiment can be changed as follows.

(1) Although one new point is inserted in between each pair of extracted adjoining vertices, the present invention is
not limited to the case. If the number of N of the insertion points is greater than "1", it may cope with a case where
the embedment information is multi-valued.
(2) As the correspondence regarding embedding, the distance between the center of gravity G1 and the center of
gravity G2 is set to be equal to or smaller than the threshold T when the embedment information "0" is embedded,
and the distance between the center of gravity G1 and the center of gravity G2 is set to be greater than the threshold
T when the embedment information "1" is embedded. However, when the embedment information "0" and "1" are
exchanged, the same effectiveness can be acquired. Moreover, it is set that the threshold T=1, but the threshold T
is not limited to the value.
(3) Regarding embedding processing, when the embedment information "0" is embedded, the insertion point Qi is
inserted in each of the middle points of the point 1 and the point 2, the point 2 and the point 3, the point 3 and the
point 4, and the point 4 and the point1. When the embedment information "1" is embedded, the insertion point Qi
is inserted in a place shifted from the middle point. However, the present invention is not limited to the case.

(Embodiment 8)

[0205] Fig. 28 is a functional block diagram of an information reading device in Embodiment 8 of the present invention.
This information reading device comprises an extracting unit 91 and an information reading unit 92. The information
reading unit 92 comprises a classifying unit 93, a distance-between-centers-of-gravity calculating unit 94, and a reading
unit 95.
[0206] The extracting unit 91 inputs embedment information embedded vector data (one that the embedment infor-
mation is embedded according to Embodiment 7), and extracts a plurality of points of the polygon from the vector data.
[0207] The information reading unit 92 reads the embedment information that is embedded based on the plurality of
points extracted by the extracting unit 91.
[0208] A classifying unit 93 classifies the plurality of points extracted by the extracting unit 91 into a first set and a
second set. The classifying unit 93 determines the center of gravity of a first figure that is constituted by the plurality of
points belonging to the first set, and the center of gravity of a second figure that is constituted by the plurality of points
belonging to the second set. In more detail, the classifying unit 93 gives the consecutive numbers to the plurality of
points extracted by the extracting unit, and classifies the plurality of points extracted by the extracting unit according to
whether the consecutive numbers are even or odd. The above-mentioned classification is possible because the number
of the insertion points is N=1, as in Embodiment 7. When the number N is set to be greater than "1", the plurality of
points extracted from the extracting unit are classified into the first set, the second set, ... , and (N+1)th set.
[0209] The distance-between-centers-of-gravity calculating unit 94 calculates the distance between the center of
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gravity of the first figure and the center of gravity of the second figure.
[0210] The reading unit 95 reads the embedment information based on the distance calculated by the distance-
between-centers-of-gravity calculating unit 94.
[0211] Fig. 29 is a flowchart of the information reading device of the present embodiment. At Step 80, the extracting
unit 91 extracts a polygon from the embedment information embedded vector data, and extracts a plurality of vertices
from the extracted polygon. In addition, in this state, the vertices and the insertion points in Embodiment 7 are not
distinguished; however, they are dealt as mere vertices.
[0212] At Step 81, the classifying unit 93 gives the consecutive number M (M = 1, 2 ...) to each of the plurality of
vertices. At Step 83, the classifying unit 93 classifies these vertices into two vertex groups according to whether the
consecutive number M is even or odd. One of the vertex groups is a set whose elements are the vertices in Embodiment
7, and the other one is a set whose elements are the insertion points in Embodiment 7.
[0213] At Step 84, the classifying unit 93 considers a polygon composed by a vertex group belonging to one set as a
first polygon, and a polygon composed by a vertex group belonging to the other set as a second polygon. Then, the
classifying unit 93 outputs the information of the first and second polygons to the distance-between-centers-of-gravity
calculating unit 94.
[0214] At Step 85, the distance-between-centers-of-gravity calculating unit 93 obtains the centers of gravity of the first
and second polygons, calculates the distance between the centers of gravity (Step 85), and outputs the distance to the
reading unit 95.
[0215] At Step 86, the reading unit 95 compares the calculated distance with the threshold T in magnitude. When the
distance is equal to or smaller than the threshold T (refer to Fig. 30(a)), it is judged that the embedment information "0"
is embedded. When the distance is greater than the threshold T (refer to Fig. 30(b)), it is judged that the embedment
information "1" is embedded (Step 87).
[0216] According to the present embodiment, there is the following effectiveness.

(Effectiveness 1) Since the information reading uses the embedment information independent of rotation operation,
reading embedment information can be performed even from the vector data in which the rotation operation is applied.

[0217] The present embodiment can be changed as follows.

(1) Although classification is made into two sets according to the classification of the remainder (even or odd), the
classification is not limited to the case.
(2) Although it is defined that the threshold T = 1, the threshold is not limited to the value.

[0218] According to the present invention, the embedment information can be embedded by inserting a new point on
the polygonal side, with suppressed shape change of original data. Operating the number of points constituting a polygon,
the number of the points not being dependent on rotation operation, allows correct reading of the embedment information
from vector data of which rotation operation is applied or from vector data for which the original data is not available.

(Embodiment 9)

[0219] Next, referring to Figs. 31 to 33, Embodiment 9 is explained. Embodiments 1 to 8 are related to an information
embedding device or an information reading device. In the present embodiment, the information embedding device is
installed in an electronic device, and an illegal copy of vector data is suppressed. In the present embodiment, the vector
data is map data, and the electronic device is a car navigation device using the map data. However, the information
embedding device and the information reading device of the present invention are applicable to various kinds of electronic
devices using vector data, such as a cellular phone having a GPS function, and a computer graphics device which uses
a polygon.
[0220] Fig. 31(a) illustrates a structure of an electronic device in Embodiment 9 of the present invention. Fig. 31 (b)
is a functional block diagram of the same electronic device.
[0221] It is assumed that a system illustrated in Fig. 31(a) is a system in which an infringer performs an illegal copy.
The infringer purchases a legal recording media 100, sets the legal recording media 100 in a car navigation device 200,
and tries to acquire an illegal recording media 250 by performing an illegal copy with a personal computer 230 connected
to the car navigation device 200. The infringer also tries to acquire an illegal paper media 251 by performing print out
using a printer 231 connected to the personal computer 230.
[0222] A GPS antenna 205 of the car navigation device 200 communicates with geostationary satellites, and inputs
information in order to know the current location and direction. A display unit 201 displays the current location, the
direction, surrounding routes and buildings, etc. Since the direction and the location of an automobile, in which the car
navigation device 200 is installed, change variously, map data that is read out from the legal recording media 100
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frequently receives the rotation operation, and is displayed on the display unit 201 in an understandable manner as it is
shown in Fig. 31(a). A button 202 and a cross shaped pad 203 correspond to an operation input unit 216 shown in Fig.
31(b), and receive operation input of a user.
[0223] The car navigation device 200 is mounted with an input/output port 204, and can communicate with an external
device (for example, the personal computer 230 etc.) via the input/output port 204. Even if such a port is not prepared,
since the infringer may destroy a part of the car navigation device 200 and copy the data of the legal recording media
100 forcibly, it is assumed that the port is prepared here.
[0224] As shown in Fig. 31(b), the car navigation device 200 comprises the following elements.
[0225] A control unit 210 controls each element of the car navigation device 200 according to the flowchart of Fig. 33.
A device identification value holding unit 212 holds an identification value that is given to the car navigation device 200
particularly. The identification value is arbitrary if the car navigation device 200 is uniquely distinguishable. For example,
a lot number of product, a manufacture plant name, manufacture date etc. may be used as the value.
[0226] An information embedding device 213 and an information reading device 218 may possess a structure according
to any of Embodiments from 1 to 7. In the present embodiment, embedment information shown in Fig. 32(a) is used.
The embedment information is multiple-valued. Even an information embedding device and an information reading
device which can perform only a one-bit embedding/reading can cope with a multi-value embedment information, for
example, by allocating a upper most bit to a first vector, a upper bit following the upper most bit to a second vector, and
allocating other bits in the same way (as long as relationship between the bits and the vectors is uniquely determined),
since the map data includes extremely many vectors for buildings and routs, etc. Of course, it is desirable to constitute
an allocation rule such that the rule is not easily detected by a malicious third person.
[0227] A car navigation processing unit 211 performs car navigation processing. Since the present invention does not
possess features of the car navigation processing itself, the detailed explanation related to the car navigation processing
is omitted.
[0228] A temporary memory unit 214 is composed by RAM etc., and saves the data which the control unit 210 requires
for processing.
[0229] A hash value calculating unit 219 inputs a value from the control unit 210, obtains a hash value for the inputted
value using a hash function, and returns the obtained hash value to the control unit 210.
[0230] An interface 215 mediates communication between the control 210 and an external device. In the example of
Fig. 31(b), the interface 215 is connected to the operation input unit 216, the display unit 201, the input/output port 204,
and a drive 217. The drive 217 reads the data stored in the legal recording medium 100. In the present embodiment,
although the car navigation device 200 inputs the map data via the recording media such as a legal recording media
100, the present invention is similarly applicable in a case where the map data is inputted via a network. Moreover, the
legal recording medium 100 may be a read-only recording media such as a DVD-ROM and a CD-ROM since it is enough
if the information mentioned later is written in the recording media (pirated edition) wherein an illegal copy is performed.
[0231] Next, referring to Figs. 32(a) and 32(b), how embedment information is handled is explained.
[0232] First, as mentioned above, the embedment information of the present embodiment is multi-valued data shown
in Fig. 32(a). The embedment information stores the value of copyright holder information (for example, a name or title
of the copyright holder, etc.) in a first bit area, and the identification value, which the device identification value holding
unit 212 holds, of the electronic device in a second bit area. Each bit length of the first bit area and the second bit area
is chosen suitably. If each bit length is made longer, reliability increases; however, processing burden becomes heavier.
Each bit length is defined in consideration of the relationship of this trade-off. It is more desirable to standardize the bit
lengths by an association that manages copyright.
[0233] As shown in the upper part of Fig. 32(b), a copyright holder (a copyright holder 1) authorized to sell the legal
recording media 100 or a person who has acquired the license fills the first bit area of the embedment information with
the value of the copyright holder information indicating the copyright holder 1, and the second bit area with the hash
value of the value of the copyright holder information indicating the copyright holder 1. Then, the copyright holder 1
creates the embedded map data wherein the embedment information is embedded, using the information embedding
device 105, records the embedded map data in the legal recording medium 100, and sells the recorded legal recording
medium 100. Of course, as mentioned above, the data may be sent via a network.
[0234] As shown in the middle part of Fig. 32(b), the infringer, who uses a device 1, creates the illegal recording media
250 using the car navigation device 200 and the personal computer 230 with intention to sell it to a third person. The
infringer also creates the illegal paper media 251 using the car navigation device 200, the personal computer 230 and
the printer 231, with intention to sell it to a third person. Then, the infringer sells the illegal recording media 250 and the
illegal data paper 251 to others, and acquires a profit. At this time, the identification value of the car navigation device
200 (the device 1) is embedded in the second bit area, instead of the hash value of the value of copyright holder information.
[0235] As shown in the lower part of Fig. 32(b), an inspector (it may be the copyright holder) obtains the illegal recording
media 250 or the illegal paper media 251, which is apparently a pirated edition, and reads the embedment information
using the information reading device 301. In addition, a pre-processing unit 300 performs pre-processing that is necessary
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for outputting to the information reading device 301 the map data with the embedment information embedded.
[0236] The inspector acquires a value indicating the copyright holder 1 as the copyright holder information of the illegal
recording media 250 and the illegal paper media 251 from the first bit area of the embedment information that is read
out, and confirms the copyright holder. Moreover, whether the value of the second bit area is the hash value of the value
of the first bit area is checked. If it is the hash value, the illegal recording media 250 and the illegal recording media 251
are judged that they have been sold legally. However, since the identification value of the car navigation device 200 (the
device 1) is embedded in the illegal recording media 250 or the illegal paper media 251, it is judged to be an illegal copy.
In addition, it can be confirmed that the illegal copy is made by using the car navigation device 200 (the device 1).
Thereby, the responsibility of the infringer who uses the car navigation device 200 (the device 1) can be pursued.
[0237] Next, referring to Fig. 33, the flow of processing of the car navigation device 200 is explained. First, at Step
90, the control unit 210 waits until the recording media 100 is loaded in the drive 217 and it becomes readable.
[0238] At Step 91, the control unit 210 reads map data from the recording medium 100, and reads the value of the
first bit area and the second bit area using the information reading device 218.
[0239] At Step 92, the control unit 210 checks whether the value of the second bit area is in agreement with the
identification value which the device identification value holding unit 212 holds. When it is in agreement, the processing
moves to Step 96. When it is not in agreement, the processing moves to Step 93.
[0240] At Step 93, the control unit 210 makes the hash value calculating unit 219 determine the hash value of the
value of the first bit area, and checks whether the hash value and the value of the second bit area are in agreement
(Step 94). When it is not in agreement, at Step 95, the control unit 210 warns that the recording medium 100 under
processing is an illegal copy, and then the processing is discontinued. Thereby, the recording media that is illegally
copied can not be used practically. When it is in agreement, the processing moves to Step 96.
[0241] At Step 96, the control unit 210 reads necessary map data, and stores the read map data in the temporary
memory unit 214. At Step 97, the control unit 210 embeds the embedment information of which the second bit area is
the device identification value in the map data, and stores the embedded map data in the temporary memory unit 214
(Step 98).
[0242] Then, the control unit 210 outputs embedded map data to the car navigation processing unit 211, and performs
processing of navigation. At Step 99, the car navigation processing unit 211 acquires information from the GPS antenna
205, and performs processing of navigation based on the embedded map data. At this time, the embedded map data
frequently receives a rotation operation.
[0243] At Step 100, the control unit 210 inputs the processed result from the car navigation processing unit 211, and
makes the display unit 201 display the processed result via the interface 215. Thus, since the embedded map data is
outputted to the interface 215, even if the map data is transferred to the personal computer 230 via the input/output port
204 connected to the interface 215, the transferred map data is the map data which the device identification value is
embedded. Therefore, even if the illegal recording media 250 and the illegal paper media 251 are acquired by using the
personal computer 230, the infringer ends up leaving, without knowing, traces that the infringer has performed the illegal
copy in the illegal recording media 250 and the illegal paper media 251.
[0244] At Step 101, the control unit 210 repeats processing after Step 96.
[0245] Generally, when the illegal copy is performed by the paper data media, it is often unclear for an apparently
pirated edition and an original to be known whether they are an illegal copy or not. It is because, when printed, the map
data has undergone the rotation operation from the state of original in most cases.
[0246] However, when processing as shown in Fig. 32(b) is performed, illegality can be detected immediately based
on the illegal paper media 251, since the information embedding according to the present invention is robust against
the rotation operation. Thus, it is convenient.

Industrial Applicability

[0247] The present invention can be suitably used in information processing devices which deal with vector data, such
as map data.

Claims

1. An information embedding device, comprising:

an extracting unit operable to extract information of vertices composing a polygon from vector data including
information of the polygon; and
an information embedding unit operable, utilizing the information of vertices extracted by said extracting unit,
to embed embedment information into the vector data in a robust manner against rotating operation of the vector
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data,
characterized in that said information embedding unit changes the number of points that exist on sides of the
polygon in a manner such that a remainder value and a value M of the embedment information have a fixed
correspondence; the remainder value being a remainder of a division of the number of points existing on the
sides of the polygon by constant number N, and
further in that the constant number N is an integer not less than a value of 2 and the value M is a non-negative
integer less than the constant number N.

2. The information embedding device as claimed in claim 1, wherein said information embedding unit operates, ac-
cording to the embedment information, a total number of points of the polygon that the embedment information has
been embedded.

3. The information embedding device as claimed in claim 1, wherein said information embedding unit operates, ac-
cording to the embedment information, a distance between specified points of the polygon that the embedment
information has been embedded.

4. The information embedding device as claimed in claim 1, wherein said information embedding unit changes, ac-
cording to the embedment information, a number of points that exist on sides of the polygon.

5. The information embedding device as claimed in claim 1, wherein said information embedding unit inserts a point
on a side of the polygon.

6. The information embedding device as claimed in claim 1, wherein said information embedding unit inserts a point
at a position apart from a side of the polygon.

7. The information embedding device as claimed in claim 1, wherein the fixed correspondence is a relationship that
the remainder value equals to the value M of the embedment information.

8. The information embedding device as claimed in claim 4, wherein said information embedding unit comprises:

a constant information inputting unit operable to input a constant number N (N is an integer not less than a value
of 2);
a remainder calculating unit operable to calculate a remainder where a number of vertices extracted by said
extracting unit is divided by the constant number N;
an inserting number determining unit operable to determine a number of points to be inserted on a side of the
polygon in a manner such that the remainder calculated by said remainder calculating unit and the embedment
information have a fixed correspondence; and
an insertion executing unit operable to insert points as many as the number determined by said inserting number
determining unit into the polygon.

9. The information embedding device as claimed in claim 1, wherein the constant number N is a constant number that
does not depend on a number of vertices of the polygon.

10. The information embedding device as claimed in claim 1, wherein said information embedding unit changes a
representative point that has been determined concerning the polygon in a manner such that a correspondence
among a plurality of geometrical elements of the polygon changes.

11. The information embedding device as claimed in claim 10, wherein the representative point includes a vertex of the
polygon.

12. The information embedding device as claimed in claim 10, wherein the plurality of geometrical elements are selected
from a group consisting of a diagonal of the polygon, a center of gravity of the polygon, a vertex of the polygon, and
a representative point of the polygon.

13. The information embedding device as claimed in claim 12, wherein the diagonal of the polygon is the longest diagonal.

14. The information embedding device as claimed in claim 13, wherein said information embedding unit changes the
representative point in a manner such that the longest diagonal keeps longest nature.
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15. The information embedding device as claimed in claim 10, wherein the correspondence is expressed using a distance
between the plurality of geometrical elements.

16. The information embedding device as claimed in claim 10, wherein said information embedding unit comprises:

a correspondence determining unit operable to determine a correspondence between a value of the embedment
information and the plurality of geometrical elements; and
an embedding unit operable to change the representative point according to the correspondence determined
by said correspondence determining unit.

17. The information embedding device as claimed in claim 10, wherein the representative point is a center of gravity of
the polygon.

18. The information embedding device as claimed in claim 10, wherein the representative point indicates a facility location.

19. The information embedding device as claimed in claim 1, wherein said information embedding unit comprises:

an inserting unit operable to determine an insertion point to be inserted between two adjacent vertices among
vertices extracted by said extracting unit; and
an embedding unit operable ta embed the insertion point determined by said inserting unit between the two
adjacent vertices, and
wherein said inserting unit changes, according to the embedment information, a relationship between a center
of gravity of a first figure composed of vertices extracted by said extracting unit and a center of gravity of a
second figure composed of at least three insertion points determined by said inserting unit.

20. The information embedding device as claimed in claim 19, wherein the first figure is a polygon extracted by said
extracting unit, and
wherein the second figure is composed of all insertion points determined by said inserting unit.

21. The information embedding device as claimed in claim 19, wherein the relationship between the center of gravity
of the first figure and the center of gravity of the second figure is evaluated according to whether the center of gravity
of the first figure and the center of gravity of the second figure agree or not.

Patentansprüche

1. Informationseinbettungsvorrichtung mit:

einer Extraktionseinheit, die so betreibbar ist, dass sie Informationen zu Spitzen, die ein Polygon bilden, aus
Vektordaten extrahiert, die Informationen zu dem Polygon enthalten; und
einer Informationseinbettungseinheit, die so betreibbar ist, dass sie unter Verwendung der Spitzen-Informatio-
nen, die von der Extraktionseinheit extrahiert worden sind, Einbettungsinformationen so in die Vektordaten
einbettet, dass sie widerstandsfähig gegen eine Rotation der Vektordaten sind,
dadurch gekennzeichnet, dass
die Informationseinbettungseinheit die Anzahl von Punkten, die an Seiten des Polygons vorhanden sind, so
ändert, dass ein Restwert und ein Wert M der Einbettungsinformationen eine feste Korrespondenz haben, wobei
der Restwert ein Rest einer Division der Anzahl von Punkten, die an den Seiten des Polygons vorhanden sind,
durch eine Konstante N ist, und
die Konstante N eine Ganzzahl ist, die nicht kleiner als ein Wert von 2 ist, und der Wert M eine nicht negative
Ganzzahl ist, die kleiner als die Konstante N ist.

2. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit entsprechend den Einbettungsinformationen die Gesamtanzahl der Punkte des Polygons verarbeitet,
die in den Einbettungsinformationen eingebettet sind.

3. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit entsprechend den Einbettungsinformationen einen Abstand zwischen festgelegten Punkten des Poly-
gons verarbeitet, die in den Einbettungsinformationen eingebettet sind.
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4. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit entsprechend den Einbettungsinformationen die Anzahl der Punkte ändert, die an den Seiten des
Polygons vorhanden sind.

5. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit einen Punkt an einer Seite des Polygons einfügt.

6. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit einen Punkt an einer Position einfügt, die von einer Seite des Polygons entfernt ist.

7. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die feste Korrespondenz
eine Beziehung ist, bei der der Restwert gleich dem Wert M der Einbettungsinformationen ist.

8. Informationseinbettungsvorrichtung nach Anspruch 4, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit Folgendes aufweist:

eine Konstanten-Informationen-Eingabeeinheit, die so betreibbar ist, dass sie eine Konstante N eingibt (N ist
eine Ganzzahl, die nicht kleiner als ein Wert von 2 ist);
eine Rest-Berechnungseinheit, die so betreibbar ist, dass sie einen Rest einer Division der Anzahl von Spitzen,
die von der Extraktionseinheit extrahiert worden ist, durch die Konstante N berechnet;
eine Einfügungsanzahl-Festlegungseinheit, die so betreibbar ist, dass sie eine Anzahl von Punkten, die an einer
Seite des Polygons eingefügt werden sollen, so festlegt, dass der von der Rest-Berechnungseinheit berechnete
Rest und die Einbettungsinformationen eine feste Korrespondenz haben; und
eine Einfügungsausführungseinheit, die so betreibbar ist, dass sie Punkte in der Anzahl in das Polygon einfügt,
die von der Einfügungsanzahl-Festlegungseinheit festgelegt worden ist.

9. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Konstante N eine Kon-
stante ist, die nicht von der Anzahl der Spitzen des Polygons abhängig ist.

10. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit einen repräsentativen Punkt, der für das Polygon festgelegt worden ist, so ändert, dass sich eine
Korrespondenz zwischen einer Vielzahl von geometrischen Elementen des Polygons ändert.

11. Informationseinbettungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass der repräsentative Punkt
eine Spitze des Polygons umfasst.

12. Informationseinbettungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass die Vielzahl von geome-
trischen Elementen aus der Gruppe Diagonale des Polygons, Schwerpunkt des Polygons, Spitze des Polygons und
repräsentativer Punkt des Polygons gewählt ist.

13. Informationseinbettungsvorrichtung nach Anspruch 12, dadurch gekennzeichnet, dass die Diagonale des Poly-
gons die längste Diagonale ist.

14. Informationseinbettungsvorrichtung nach Anspruch 13, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit den repräsentativen Punkt so ändert, dass die längste Diagonale das längste Merkmal bleibt.

15. Informationseinbettungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass die Korrespondenz unter
Verwendung eines Abstands zwischen der Vielzahl von geometrischen Elementen ausgedrückt wird.

16. Informationseinbettungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit Folgendes aufweist:

eine Korrespondenzbestimmungseinheit, die so betreibbar ist, dass sie eine Korrespondenz zwischen einem
Wert der Einbettungsinformationen und der Vielzahl von geometrischen Elementen bestimmt; und
eine Einbettungseinheit, die so betreibbar ist, dass sie den repräsentativen Punkt entsprechend der von der
Korrespondenzbestimmungseinheit bestimmten Korrespondenz ändert.

17. Informationseinbettungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass der repräsentative Punkt
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der Schwerpunkt des Polygons ist.

18. Informationseinbettungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass der repräsentative Punkt
den Standort einer Einrichtung angibt.

19. Informationseinbettungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Informationseinbet-
tungseinheit Folgendes aufweist:

eine Einfügungseinheit, die so betreibbar ist, dass sie einen Einfügungspunkt festlegt, der zwischen zwei be-
nachbarten Spitzen unter den Spitzen eingefügt werden soll, die von der Extraktionseinheit extrahiert worden
sind; und
eine Einbettungseinheit, die so betreibbar ist, dass sie den von der Einfügungseinheit festgelegten Einfügungs-
punkt zwischen den beiden benachbarten Spitzen einfügt,

wobei die Einfügungseinheit entsprechend den Einbettungsinformationen die Beziehung zwischen dem Schwer-
punkt einer ersten Figur, die von den von der Extraktionseinheit extrahierten Spitzen gebildet wird, und dem Schwer-
punkt einer zweiten Figur ändert, die von mindestens drei Einfügungspunkten gebildet wird, die von der Einfügungs-
einheit festgelegt worden sind.

20. Informationseinbettungsvorrichtung nach Anspruch 19, dadurch gekennzeichnet, dass die erste Figur ein Polygon
ist, das von der Extraktionseinheit extrahiert wird, und die zweite Figur von allen Einfügungspunkten gebildet wird,
die von der Einfügungseinheit festgelegt werden.

21. Informationseinbettungsvorrichtung nach Anspruch 19, dadurch gekennzeichnet, dass die Beziehung zwischen
dem Schwerpunkt der ersten Figur und dem Schwerpunkt der zweiten Figur danach beurteilt wird, ob der Schwer-
punkt der ersten Figur und der Schwerpunkt der zweiten Figur übereinstimmen oder nicht.

Revendications

1. Dispositif d’imbrication d’information, comprenant :

une unité d’extraction d’information pouvant fonctionner pour extraire de l’information sur les sommets compo-
sant un polygone à partir de données vectorielles comportant de l’information sur le polygone ; et
une unité d’imbrication d’information, exploitant l’information sur les sommets extraite par ladite unité d’extrac-
tion, pouvant fonctionner pour imbriquer l’information d’imbrication dans les données vectorielles d’une manière
robuste contre une opération de rotation des données vectorielles,
caractérisée en ce que ladite unité d’imbrication d’information modifie le nombre de points qui existent sur
des côtés du polygone d’une manière telle qu’une valeur de reste et une valeur M de l’information d’imbrication
ont une correspondance fixe, la valeur de reste étant un reste d’une division du nombre de points existants sur
les côtés du polygone par un nombre constant N, et
de plus en ce que le nombre constant N est un nombre entier qui n’est pas inférieur à une valeur de 2 et la
valeur M est un nombre entier non négatif inférieur au nombre constant N.

2. Dispositif d’imbrication d’information selon la revendication 1, dans lequel ladite unité d’imbrication d’information
opère, selon l’information d’imbrication, sur un nombre total de points du polygone où l’information d’imbrication a
été imbriquée.

3. Dispositif d’imbrication d’information selon la revendication 1, dans lequel ladite unité d’imbrication d’information
opère, selon l’information d’imbrication, sur une distance entre des points spécifiés du polygone où l’information
d’imbrication a été imbriquée.

4. Dispositif d’imbrication d’information selon la revendication 1, dans lequel ladite unité d’imbrication d’information
modifie, selon l’information d’imbrication, un nombre de points qui existent sur des cotés du polygone.

5. Dispositif d’imbrication d’information selon la revendication 1, dans lequel ladite unité d’imbrication d’information
insère un point sur un côté du polygone.
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6. Dispositif d’imbrication d’information selon la revendication 1, dans lequel ladite unité d’imbrication d’information
insère un point en une position à l’écart d’un côté du polygone.

7. Dispositif d’imbrication d’information selon la revendication 1, dans lequel la correspondance fixe est une relation
dans laquelle la valeur de reste est égale à la valeur M de l’information d’imbrication.

8. Dispositif d’imbrication d’information selon la revendication 4, dans lequel ladite unité d’imbrication d’information
comprend :

une unité d’entrée d’information constante pouvant fonctionner afin d’entrer un nombre constant N (N est un
nombre entier qui n’est pas inférieur à une valeur de 2) ;
une unité pour calculer un reste pouvant fonctionner afin de calculer un reste où un nombre de sommets extraits
par ladite unité d’extraction est divisé par le nombre constant N ;
une unité pour déterminer un nombre d’insertions pouvant fonctionner pour déterminer un nombre de points à
insérer sur un côté du polygone de façon que le reste calculé par ladite unité de calcul de reste et l’information
d’imbrication ont une correspondance fixe, et
une unité pour exécuter l’insertion pouvant fonctionner afin d’insérer autant de points que le nombre déterminé
par ladite unité de détermination d’un nombre d’insertions, dans le polygone.

9. Dispositif d’imbrication d’information selon la revendication 1, dans lequel le nombre constant N est un nombre
constant qui ne dépend pas d’un nombre de sommets du polygone.

10. Dispositif d’imbrication d’information selon la revendication 1, dans lequel ladite unité d’imbrication d’information
modifie un point représentatif qui a été déterminé en ce qui concerne le polygone de façon à modifier une corres-
pondance entre une pluralité d’éléments géométriques du polygone.

11. Dispositif d’imbrication d’information selon la revendication 10, dans lequel le point représentatif comporte un sommet
du polygone.

12. Dispositif d’imbrication d’information selon la revendication 10, dans lequel la pluralité des éléments géométriques
sont choisis dans un groupe formé par une diagonale du polygone, un centre de gravité du polygone, un sommet
du polygone, et un point représentatif du polygone.

13. Dispositif d’imbrication d’information selon la revendication 12, dans lequel la diagonale du polygone est la diagonale
la plus longue.

14. Dispositif d’imbrication d’information selon la revendication 13, dans lequel ladite unité d’imbrication d’information
modifie le point représentatif de façon à ce que la diagonale la plus longue conserve sa nature de diagonale la plus
longue.

15. Dispositif d’imbrication d’information selon la revendication 10, dans lequel la correspondance est exprimée en
employant une distance entre la pluralité des éléments géométriques.

16. Dispositif d’imbrication d’information selon la revendication 10, dans lequel ladite unité d’imbrication d’information
comprend :

une unité de détermination de correspondance pouvant fonctionner afin de déterminer une correspondance
entre une valeur de l’information d’imbrication et la pluralité d’éléments géométriques ; et
une unité d’imbrication pouvant fonctionner afin de modifier le point représentatif selon la correspondance
déterminée par ladite unité de détermination de correspondance.

17. Dispositif d’imbrication d’information selon la revendication 10, dans lequel le point représentatif est un centre de
gravité du polygone.

18. Dispositif d’imbrication d’information selon la revendication 10, dans lequel le point représentatif indique un endroit
d’une installation.

19. Dispositif d’imbrication d’information selon la revendication 1, dans lequel ladite unité d’imbrication d’information
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comprend :

une unité d’insertion pouvant fonctionner afin de déterminer un point d’insertion à insérer entre deux sommets
adjacents parmi les sommets extraits par ladite unité d’extraction ; et
une unité d’imbrication pouvant fonctionner afin de d’imbriquer le point d’insertion déterminée par ladite unité
d’insertion entre les deux sommets adjacents, et
dans lequel ladite unité d’insertion modifie, selon l’information d’imbrication, une relation entre un centre de
gravité d’une première figure composée de sommets extraits par ladite unité d’extraction et un centre de gravité
d’une deuxième figure composée d’au moins trois points d’insertion déterminés par ladite unité d’insertion.

20. Dispositif d’imbrication d’information selon la revendication 19, dans lequel la première figure est un polygone extrait
par ladite unité d’extraction, et
dans lequel la deuxième figure est composée de tous les points d’insertion déterminés par ladite unité d’insertion.

21. Dispositif d’imbrication d’information selon la revendication 19, dans lequel la relation entre le centre de gravité de
la première figure et le centre de gravité de la deuxième figure est évaluée selon que le centre de gravité de la
première figure et le centre de gravité de la deuxième figure coïncident ou non.
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