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ABSTRACT 
The present disclosure relates to a pose estimation method and device, an electronic 

apparatus, and a storage medium, the method comprising: performing keypoint detection 

processing on a target object in an image to be processed to obtain a plurality of keypoints of 

the target object in the image to be processed and a first covariance matrix corresponding to 5 

each keypoint; screening out a target keypoint from the plurality of keypoints in accordance 

with the first covariance matrix corresponding to each keypoint; and performing pose 

estimation processing in accordance with the target keypoint to obtain a rotation matrix and a 

displacement vector. According to the pose estimation method of the embodiments of the 

present disclosure, it is possible to obtain, by keypoint detection, keypoints in an image to be 10 

processed and the corresponding first covariance matrices; to remove, by screening keypoints 

in accordance with the first covariance matrices, mutual interference among keypoints so as to 

increase accuracy of a matching relationship; and to remove, by screening keypoints, keypoints 

that cannot represent the pose of a target object so as to reduce the error between an estimated 

pose and a real pose. 15 
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	According to one aspect of the present disclosure, there is provided a pose estimation method, comprising:
	performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of keypoints of the target object in the image to be processed and a first covariance matrix corresponding to each keypoint, wherein the firs...
	screening out a target keypoint from the plurality of keypoints in accordance with the first covariance matrix corresponding to each keypoint; and
	performing pose estimation processing in accordance with the target keypoint to obtain a rotation matrix and a displacement vector.
	According to the pose estimation method of the embodiments of the present disclosure, it is possible to obtain, by keypoint detection, keypoints in an image to be processed and the corresponding first covariance matrices; to remove, by screening keypo...
	In a possible implementation, performing pose estimation processing in accordance with the target keypoint to obtain a rotation matrix and a displacement vector, comprises:
	acquiring a space coordinate of the target keypoint in a three-dimensional coordinate system, wherein the space coordinate is a three-dimensional coordinate;
	determining an initial rotation matrix and an initial displacement vector in accordance with the position coordinate of the target keypoint in the image to be processed and the space coordinate, wherein the position coordinate is a two-dimensional coo...
	adjusting, in accordance with the space coordinate and the position coordinate of the target keypoint in the image to be processed, the initial rotation matrix and the initial displacement vector to obtain the rotation matrix and the displacement vector.
	In a possible implementation, adjusting, in accordance with the space coordinate and the position coordinate of the target keypoint in the image to be processed, the initial rotation matrix and the initial displacement vector to obtain the rotation ma...
	performing, in accordance with the initial rotation matrix and the initial displacement vector, projection processing on the space coordinate to obtain a projected coordinate of the space coordinate in the image to be processed;
	determining an error distance between the projected coordinate and the position coordinate of the target keypoint in the image to be processed;
	adjusting the initial rotation matrix and the initial displacement vector in accordance with the error distance; and
	obtaining the rotation matrix and the displacement vector in the case of error conditions met.
	In a possible implementation, determining an error distance between the projected coordinate and the position coordinate of the target keypoint in the image to be processed, comprises:
	obtaining a vector difference between a position coordinate and a projected coordinate of each target keypoint in the image to be processed, and a first covariance matrix corresponding to each target keypoint, respectively; and
	determining the error distance in accordance with the vector difference and the first covariance matrix corresponding to each target keypoint.
	In a possible implementation, performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of keypoints of the target object in the image to be processed and a first covariance matrix corresponding to e...
	performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of estimated coordinates of each keypoint and a weight of each estimated coordinate;
	performing weighted average processing on the plurality of estimated coordinates based upon the weight of each estimated coordinate, to obtain a position coordinate of the keypoint; and
	obtaining a first covariance matrix corresponding to the keypoint in accordance with the plurality of estimated coordinates, the weight of each estimated coordinate, and the position coordinate of the keypoint.
	In a possible implementation, obtaining a first covariance matrix corresponding to the keypoint in accordance with the plurality of estimated coordinates, the weight of each estimated coordinate, and the position coordinate of the keypoint, comprises:
	determining a second covariance matrix between each estimated coordinate and the position coordinate of the keypoint; and
	performing weighted average processing on a plurality of second covariance matrices based upon the weight of each estimated coordinate, to obtain the first covariance matrix corresponding to the keypoint.
	In a possible implementation, performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of estimated coordinates of each keypoint and a weight of each estimated coordinate, comprises:
	performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of initially estimated coordinates of the keypoint and a weight of each initially estimated coordinate; and
	screening out, in accordance with the weight of each initially estimated coordinate, the estimated coordinate from the plurality of initially estimated coordinates.
	In such a manner, screening out the estimated coordinates based upon weights may lessen computation load, improve processing efficiency, and remove outliers, such that the accuracy of the coordinate of a keypoint is increased.
	In a possible implementation, screening out a target keypoint from the plurality of keypoints in accordance with the first covariance matrix corresponding to each keypoint, comprises:
	determining a trace of the first covariance matrix corresponding to each keypoint;
	screening out a preset number of first covariance matrices from the first covariance matrices corresponding to the keypoints, wherein a trace of a screened-out first covariance matrix is smaller than a trace of a first covariance matrix that is not sc...
	determining the target keypoint based upon the preset number of first covariance matrices that are screened out.
	In such a manner, it is possible to screen out keypoints, such that mutual interference among keypoints may be removed, and keypoints that cannot represent the pose of a target object may be removed, thereby increasing the pose estimation accuracy and...
	According to another aspect of the present disclosure, there is provided a pose estimation device, comprising:
	a detection unit, configured to perform keypoint detection processing on a target object in an image to be processed to obtain a plurality of keypoints of the target object in the image to be processed and a first covariance matrix corresponding to ea...
	a screening module, configured to screen out a target keypoint from the plurality of keypoints in accordance with the first covariance matrix corresponding to each keypoint; and
	a pose estimation module, configured to perform pose estimation processing in accordance with the target keypoint to obtain a rotation matrix and a displacement vector.
	In a possible implementation, the pose estimation module is further configured to:
	acquire a space coordinate of the target keypoint in a three-dimensional coordinate system, wherein the space coordinate is a three-dimensional coordinate;
	determine an initial rotation matrix and an initial displacement vector in accordance with the position coordinate of the target keypoint in the image to be processed and the space coordinate, wherein the position coordinate is a two-dimensional coord...
	adjust, in accordance with the space coordinate and the position coordinate of the target keypoint in the image to be processed, the initial rotation matrix and the initial displacement vector to obtain the rotation matrix and the displacement vector.
	In a possible implementation, the pose estimation module is further configured to:
	perform, in accordance with the initial rotation matrix and the initial displacement vector, projection processing on the space coordinate to obtain a projected coordinate of the space coordinate in the image to be processed;
	determine an error distance between the projected coordinate and the position coordinate of the target keypoint in the image to be processed;
	adjust the initial rotation matrix and the initial displacement vector in accordance with the error distance; and
	obtain the rotation matrix and the displacement vector in the case of error conditions met.
	In a possible implementation, the pose estimation module is further configured to:
	obtain a vector difference between a position coordinate and a projected coordinate of each target keypoint in the image to be processed, and a first covariance matrix corresponding to each target keypoint, respectively; and
	determine the error distance in accordance with the vector difference and the first covariance matrix corresponding to each target keypoint.
	In a possible implementation, the detection module is further configured to:
	perform keypoint detection processing on a target object in an image to be processed to obtain a plurality of estimated coordinates of each keypoint and a weight of each estimated coordinate;
	perform weighted average processing on the plurality of estimated coordinates based upon the weight of each estimated coordinate, to obtain a position coordinate of the keypoint; and
	obtain a first covariance matrix corresponding to the keypoint in accordance with the plurality of estimated coordinates, the weight of each estimated coordinate, and the position coordinate of the keypoint.
	In a possible implementation, the detection module is further configured to:
	determine a second covariance matrix between each estimated coordinate and the position coordinate of the keypoint; and
	perform weighted average processing on a plurality of second covariance matrices based upon the weight of each estimated coordinate, to obtain the first covariance matrix corresponding to the keypoint.
	In a possible implementation, the detection module is further configured to:
	perform keypoint detection processing on a target object in an image to be processed to obtain a plurality of initially estimated coordinates of the keypoint and a weight of each initially estimated coordinate; and
	screen out, in accordance with the weight of each initially estimated coordinate, the estimated coordinate from the plurality of initially estimated coordinates.
	In a possible implementation, the screening module is further configured to:
	determine a trace of the first covariance matrix corresponding to each keypoint;
	screen out a preset number of first covariance matrices from the first covariance matrices corresponding to the keypoints, wherein a trace of a screened-out first covariance matrix is smaller than a trace of a first covariance matrix that is not scree...
	determine the target keypoint based upon the preset number of first covariance matrices that are screened out.
	According to another aspect of the present disclosure, there is provided an electronic apparatus, comprising:
	What is claimed is:
	1. A pose estimation method, wherein the method comprises:
	performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of keypoints of the target object in the image to be processed and a first covariance matrix corresponding to each keypoint, wherein the firs...
	screening out a target keypoint from the plurality of keypoints in accordance with the first covariance matrix corresponding to each keypoint; and
	performing pose estimation processing in accordance with the target keypoint to obtain a rotation matrix and a displacement vector.
	2. The method according to claim 1, wherein performing pose estimation processing in accordance with the target keypoint to obtain a rotation matrix and a displacement vector, comprises:
	acquiring a space coordinate of the target keypoint in a three-dimensional coordinate system, wherein the space coordinate is a three-dimensional coordinate;
	determining an initial rotation matrix and an initial displacement vector in accordance with the position coordinate of the target keypoint in the image to be processed and the space coordinate, wherein the position coordinate is a two-dimensional coo...
	adjusting, in accordance with the space coordinate and the position coordinate of the target keypoint in the image to be processed, the initial rotation matrix and the initial displacement vector to obtain the rotation matrix and the displacement vector.
	3. The method according to claim 2, wherein adjusting, in accordance with the space coordinate and the position coordinate of the target keypoint in the image to be processed, the initial rotation matrix and the initial displacement vector to obtain t...
	performing, in accordance with the initial rotation matrix and the initial displacement vector, projection processing on the space coordinate to obtain a projected coordinate of the space coordinate in the image to be processed;
	determining an error distance between the projected coordinate and the position coordinate of the target keypoint in the image to be processed;
	adjusting the initial rotation matrix and the initial displacement vector in accordance with the error distance; and
	obtaining the rotation matrix and the displacement vector in the case of error conditions met.
	4. The method according to claim 3, wherein determining an error distance between the projected coordinate and the position coordinate of the target keypoint in the image to be processed, comprises:
	obtaining a vector difference between a position coordinate and a projected coordinate of each target keypoint in the image to be processed, and a first covariance matrix corresponding to each target keypoint, respectively; and
	determining the error distance in accordance with the vector difference and the first covariance matrix corresponding to each target keypoint.
	5. The method according to any one of claims 1 to 4, wherein performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of keypoints of the target object in the image to be processed and a first covar...
	performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of estimated coordinates of each keypoint and a weight of each estimated coordinate;
	performing weighted average processing on the plurality of estimated coordinates based upon the weight of each estimated coordinate, to obtain a position coordinate of the keypoint; and
	obtaining a first covariance matrix corresponding to the keypoint in accordance with the plurality of estimated coordinates, the weight of each estimated coordinate, and the position coordinate of the keypoint.
	6. The method according to claim 5, wherein obtaining a first covariance matrix corresponding to the keypoint in accordance with the plurality of estimated coordinates, the weight of each estimated coordinate, and the position coordinate of the keypoi...
	determining a second covariance matrix between each estimated coordinate and the position coordinate of the keypoint; and
	performing weighted average processing on a plurality of second covariance matrices based upon the weight of each estimated coordinate, to obtain the first covariance matrix corresponding to the keypoint.
	7. The method according to claim 5 or 6, wherein performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of estimated coordinates of each keypoint and a weight of each estimated coordinate, comprises:
	performing keypoint detection processing on a target object in an image to be processed to obtain a plurality of initially estimated coordinates of the keypoint and a weight of each initially estimated coordinate; and
	screening out, in accordance with the weight of each initially estimated coordinate, the estimated coordinate from the plurality of initially estimated coordinates.
	8. The method according to any one of claims 1 to 7, wherein screening out a target keypoint from the plurality of keypoints in accordance with the first covariance matrix corresponding to each keypoint, comprises:
	determining a trace of the first covariance matrix corresponding to each keypoint;
	screening out a preset number of first covariance matrices from the first covariance matrices corresponding to the keypoints, wherein a trace of a screened-out first covariance matrix is smaller than a trace of a first covariance matrix that is not sc...
	determining the target keypoint based upon the preset number of first covariance matrices that are screened out.
	9. A pose estimation device, comprising:
	a detection unit, configured to perform keypoint detection processing on a target object in an image to be processed to obtain a plurality of keypoints of the target object in the image to be processed and a first covariance matrix corresponding to ea...
	a screening module, configured to screen out a target keypoint from the plurality of keypoints in accordance with the first covariance matrix corresponding to each keypoint; and
	a pose estimation module, configured to perform pose estimation processing in accordance with the target keypoint to obtain a rotation matrix and a displacement vector.
	10. The device according to claim 9, wherein the pose estimation module is further configured to:
	acquire a space coordinate of the target keypoint in a three-dimensional coordinate system, wherein the space coordinate is a three-dimensional coordinate;
	determine an initial rotation matrix and an initial displacement vector in accordance with the position coordinate of the target keypoint in the image to be processed and the space coordinate, wherein the position coordinate is a two-dimensional coord...
	adjust, in accordance with the space coordinate and the position coordinate of the target keypoint in the image to be processed, the initial rotation matrix and the initial displacement vector to obtain the rotation matrix and the displacement vector.
	11. The device according to claim 10, wherein the pose estimation module is further configured to:
	perform, in accordance with the initial rotation matrix and the initial displacement vector, projection processing on the space coordinate to obtain a projected coordinate of the space coordinate in the image to be processed;
	determine an error distance between the projected coordinate and the position coordinate of the target keypoint in the image to be processed;
	adjust the initial rotation matrix and the initial displacement vector in accordance with the error distance; and
	obtain the rotation matrix and the displacement vector in the case of error conditions met.
	12. The device according to claim 11, wherein the pose estimation module is further configured to:
	obtain a vector difference between a position coordinate and a projected coordinate of each target keypoint in the image to be processed, and a first covariance matrix corresponding to each target keypoint, respectively; and
	determine the error distance in accordance with the vector difference and the first covariance matrix corresponding to each target keypoint.
	13. The device according to any one of claims 9 to 12, wherein the detection module is further configured to:
	perform keypoint detection processing on a target object in an image to be processed to obtain a plurality of estimated coordinates of each keypoint and a weight of each estimated coordinate;
	perform weighted average processing on the plurality of estimated coordinates based upon the weight of each estimated coordinate, to obtain a position coordinate of the keypoint; and
	obtain a first covariance matrix corresponding to the keypoint in accordance with the plurality of estimated coordinates, the weight of each estimated coordinate, and the position coordinate of the keypoint.
	14. The device according to claim 13, wherein the detection module is further configured to:
	determine a second covariance matrix between each estimated coordinate and the position coordinate of the keypoint; and
	perform weighted average processing on a plurality of second covariance matrices based upon the weight of each estimated coordinate, to obtain the first covariance matrix corresponding to the keypoint.
	15. The device according to claim 13 or 14, wherein the detection module is further configured to:
	perform keypoint detection processing on a target object in an image to be processed to obtain a plurality of initially estimated coordinates of the keypoint and a weight of each initially estimated coordinate; and
	screen out, in accordance with the weight of each initially estimated coordinate, the estimated coordinate from the plurality of initially estimated coordinates.
	16. The device according to any one of claims 9 to 15, wherein the screening module is further configured to:
	determine a trace of the first covariance matrix corresponding to each keypoint;
	screen out a preset number of first covariance matrices from the first covariance matrices corresponding to the keypoints, wherein a trace of a screened-out first covariance matrix is smaller than a trace of a first covariance matrix that is not scree...
	determine the target keypoint based upon the preset number of first covariance matrices that are screened out.
	17. An electronic apparatus, comprising:
	a processor; and
	a memory configured to store processor-executable instructions;
	wherein the processor is configured to execute the method according to any one of claims 1 to 8.
	18. A computer readable storage medium having computer program instructions stored thereon, wherein the computer program instructions, when executed by a processor, implement the method according to any one of claims 1 to 8.
	The present disclosure relates to a pose estimation method and device, an electronic apparatus, and a storage medium, the method comprising: performing keypoint detection processing on a target object in an image to be processed to obtain a plurality ...



