CLAIMS

1. A method for detecting hand key points, comprising:
acquiring a hand image to be detected;
acquiring heat maps of the hand key points by inputting the hand image into a pre-
trained heat map model, wherein the heat maps comprise two-dimensional coordinates of the
hand key points;
acquiring hand structured connection information by inputting the heat maps and the
hand image into a pre-trained three-dimensional information prediction model; and
determining, based on the hand structured connection information and the two-
dimensional coordinates in the heat maps, three-dimensional coordinates of the hand key
points in a world coordinate system;
wherein the hand structured connection information comprises the joint bending angles
formed by the hand key points and the Euler angles of the hand; and determining, based on
the hand structured connection information and the two-dimensional coordinates in the heat
maps, the three-dimensional coordinates of the hand key points in the world coordinate
system comprises:
calculating, based on the joint bending angles, a first direction vector of a vector
formed by two hand key points in a hand coordinate system of the hand;
converting the first direction vector into a second direction vector in the world
coordinate system based on the Euler angles;
calculating a vector length of the vector based on the two-dimensional coordinates
in the heat maps;
acquiring the vector by calculating a product of the vector length and the second
direction vector to; and
calculating the three-dimensional coordinates of the two hand key points forming

the vector in the world coordinate system based on the vector.
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2. The method according to claim 1, wherein acquiring the hand image to be detected
comprises:

acquiring an original image;

detecting a hand from the original image; and

capturing an image having a preset size and containing the hand as the hand image to be

detected.

3. The method according to claim 1, wherein acquiring the heat maps of the hand key
points by inputting the hand image into the pre-trained heat map model comprises:

acquiring the heat map of each hand key point by inputting the hand image into the pre-
trained heat map model, wherein a size of the heat map of each hand key point is equal to a

size of the hand image.

4. The method according to claim 1, wherein the heat maps comprise heat maps of all
hand key points, and acquiring the hand structured connection information by inputting the
heat maps and the hand image into the pre-trained three-dimensional information prediction
model comprises:

acquiring joint bending angles formed by the hand key points and Euler angles of the
hand by inputting the heat maps of all hand key points and the hand image into the pre-trained

three-dimensional information prediction model.

5. The method according to claim 1, wherein calculating, based on the joint bending
angles, the first direction vector of the vector formed by the two hand key points in the hand
coordinate system of the hand comprises:

determining, based on a pre-established hand model, a first direction vector of a vector
from a wrist key point to a proximal phalanx key point of a middle finger;

calculating a first direction vector of a vector from the wrist key point to a proximal
phalanx key point of each finger based on the joint bending angles and the first direction
vector of the vector from the wrist key point to the proximal phalanx key point of the middle

finger; and
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calculating the first direction vector of the vector between the two key points connected
by the phalanxes of each finger based on the joint bending angles and the first direction vector

of the vector from the wrist key point to the proximal phalanx key point of each finger.

6. The method according to claim 1, wherein converting the first direction vector into the
second direction vector in the world coordinate system based on the Euler angles comprises:

calculating an Euler rotation matrix based on the Euler angles; and

acquiring the second direction vector of the first direction vector in the world coordinate

system by calculating a product of the first direction vector and the Euler rotation matrix.

7. The method according to claim 1, wherein calculating the vector length of the vector
based on the two-dimensional coordinates in the heat maps comprises:

determining the two hand key points forming the vector;

determining, based on the heat maps of the two hand key points, two-dimensional
coordinates of the two hand key points; and

calculating the length of the vector based on the two-dimensional coordinates of the two

hand key points.

8. The method according to claim 7, wherein
each pixel point on the heat maps is associated with a probability value, wherein the
probability value represents a probability of the hand key point at each pixel point; and
determining, based on the heat maps of the two hand key points, the two-dimensional
coordinates of the two hand key points comprises:
determining a pixel point with a greatest probability value from the heat map of
each hand key point;
acquiring local two-dimensional coordinates by acquiring coordinates of the pixel
point with the greatest probability value in the heat map; and
acquiring the two-dimensional coordinates of each hand key point by converting the

local two-dimensional coordinates to coordinates in the hand image.
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9. The method according to claim 1, wherein calculating the three-dimensional
coordinates of the two hand key points forming the vector in the world coordinate system
based on the vector comprises:

acquiring the three-dimensional coordinates of the wrist key point in the hand key points
in the world coordinate system; and

calculating the three-dimensional coordinates of the two hand key points forming the
vector in the world coordinate system based on the three-dimensional coordinates of the wrist

key point in the world coordinate system and the vector.

10. A method for recognizing a gesture, comprising:

acquiring a hand image to be recognized;

detecting key points in the hand image; and

recognizing, based on the key points, the gesture expressed by a hand in the hand image;

wherein detecting the key points in the hand image comprises: detecting the key points in
the hand image according to the method for detecting the hand key points as defined in any

one of claims 1 to 9.

11. An apparatus for detecting hand key points, comprising:

a hand image acquiring module, configured to acquire a hand image to be detected;

a heat map acquiring module, configured to acquire heat maps of the hand key points by
inputting the hand image into a pre-trained heat map model, wherein the heat maps comprise
two-dimensional coordinates of the hand key points;

a hand structured connection information acquiring module, configured to acquire hand
structured connection information by inputting the heat maps and the hand image into a pre-
trained three-dimensional information prediction model; and

a three-dimensional coordinate calculating module, configured to determine, based on
the hand structured connection information and the two-dimensional coordinates in the heat

maps, three-dimensional coordinates of the hand key points in a world coordinate system,;
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wherein the hand structured connection information comprises the joint bending angles
formed by the hand key points and the Euler angles of the hand; and the three-dimensional
coordinate calculating module comprises:

a first direction vector calculating sub-module, configured to calculate, based on the
joint bending angles, a first direction vector of a vector formed by two hand key points in
a hand coordinate system of the hand;

a first direction vector calculating sub-module, configured to convert the first
direction vector into a second direction vector in the world coordinate system based on
the Euler angles;

a vector length calculating sub-module, configured to calculate a vector length of
the vector based on the two-dimensional coordinates in the heat maps;

a vector calculating sub-module, configured to acquire the vector by calculating a
product of the vector length and the second direction vector to; and

a three-dimensional coordinate calculating sub-module, configured to calculate the
three-dimensional coordinates of the two hand key points forming the vector in the world

coordinate system based on the vector.

12. An apparatus for recognizing a gesture, comprising:

a hand image acquiring module, configured to acquire a hand image to be recognized,

a key point detecting module, configured to detect key points in the hand image; and

a gesture recognizing module, configured to recognize, based on the key points, the
gesture expressed by a hand in the hand image;

wherein the key point detecting module is configured to detect the key points in the hand

image according to the apparatus for detecting the hand key points as defined in claim 11.

13. A device, comprising:

at least one processor; and

a memory, configured to store at least one program, wherein

the at least one program, when loaded and run by the at least one processor, causes the at

least one processor to perform at least one of the method for detecting the hand key points as
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defined in any one of claims 1 to 9 and the method for recognizing the gesture as defined in

claim 10.

14. A computer-readable storage medium, storing at least one computer program,
wherein the at least one computer program, when loaded and run by a processor, causes the
processor to perform at least one of the method for detecting the hand key points as defined in

any one of claims 1 to 9 and the method for recognizing the gesture as defined in claim 10.
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