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The research and application of computer vision and artificial intelligence (Al) in the direction of
industrial automation is a hot topic in the current scientific and technological circles. Because it is of
great theoretical and practical significance to flexibly apply this technology to further improve the
intelligence of manufacturing automation. Based on the basic principles of computer vision, combined
with simultaneous localization and mapping (SLAM) technologies and Al algorithms, this study
implements the methods for the inclination angle measurement of the bearing assembly platforms in

manufacturing industry. The main works of this study are as follows.

For the motion estimation of the assembly platform, we illustrated and determined the mathematic
expression of motion, that is, the motion of the camera coordinate system relative to the world
coordinate system is expressed from the two dimensions of rotation and translation. Then, we
demonstrated the coordinate transformation model from the pixel coordinate system to the world
coordinate system. Afterward, considering that the camera will introduce distortions and influence the
performance of the vision algorithms, we calibrated the industrial camera, and then obtained the

camera's intrinsic parameter matrix.

Considering that the current project has high requirements on the accuracy and processing speed of
the algorithm, as well as the computing power of the computing platform, we conducted many
comparative experiments and selected the algorithm combinations of image features and feature
matching approaches which are suitable for the project. To further reduce the false matching rate of
feature point pairs, we applied a screening strategy based on the non-maximal suppression method. By
adding the screening conditions, only a certain number of best matching point pairs are retained, which
saves the computing resources and shortens the overall running time of the algorithm, and at the same
time improves the accuracy of the algorithm towards motion estimation. In specific, in the evaluation
experiments, 6.7% of the total matched point pairs have been eliminated when applying the screening

strategy. Under the circumstance that without adding the screening conditions, the maximum good



match ratio could only reach 80%, while the evaluation experiments show that the ratio of the good
match reaches 92% in the case of applying the non-maximal suppression strategy with the tuned

parameters.

For the SLAM-based motion estimation algorithm, we compared several mainstream motion
estimation algorithms including feature matching-based, and feature tracking-based methods, etc. In
specific, we implemented the perspective-n-point (PnP) method to realize the inclination measurement.
In addition, we have tuned the parameters of the optimization algorithm and obtained the optimal
parameters through a large number of experiments, making it more suitable for the current research
project. The optimized PnP algorithm minimizes the estimation error of the inclination measurements.
Evaluation results show that the time efficiency of the proposed system achieves 7.3% higher than the
conventional epipolar-constraints-based ones. On the other hand, the implemented system significantly
reduces the measurement error by 90% compared with the conventional epipolar constraints-based

methods.

Regarding the machine learning-based algorithms for inclination angle classification, we designed
a shallow neural network model based on a multilayer perceptron and determined the optimal structure
of the model through extensive experiments. In addition, we have also implemented and verified the
performance of other machine learning algorithms and deep learning algorithms as the baseline for this
project. Through many comparative experiments, we verified the effectiveness and reliability of the
designed lightweight neural network, as well as its advantages in the field of industrial automation,
especially in this research project. In contrast to those traditional methods, validation experiments
certificate that the proposed method achieves the best performance while reducing computational
complexity by 45.31%. In addition, the validation accuracy of the designed neural network with tuned

parameters reaches up to 98%, which outperforms other baseline models.



