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Artificial intelligence (AI) plays a key in the development of medicine, industry, education,
and others. Deep learning, machine learning, etcare all part of Al. In order to apply Al
technologies to real-world problems and to maximize the performance, it should work coherently
with classical technologies such as image processing and statistical analysis. This thesis studies
the combination of deep learning and classical technologies and introduces medical and industrial
applications. Firstly, it proposes an automatic teeth recognition model in dental panoramic X-ray
images using a combination of deep learning and optimization technique. Secondly, it proposes a
construction method of statistical shape model (SSM) of humeral heads. Thirdly, it proposes
quantum-behaved bat algorithm-based power dispatching method.

The first chapter consists of introduction and summary of this thesis as well as its research
background and motivation.

The second chapter proposes an automatic teeth recognition model in dental panoramic X-ray
images using a combination of faster R-CNN technique and optimization technique. It reduces
diagnosis time and thus, improves overall efficiency and accuracy of dental care system. The
proposed method automatically detects tooth candidates from dental panoramic images using
faster R-CNN, and then recognizes the tooth numbers with an optimization algorithm with respect
to relative positions. Experimental results showed that accuracy, specificity and F1 score of the
proposed model is 0.968, 0.731, and 0.982, respectively. These results verify the proposed
method’s ability to recognize teeth with high degree of accuracy.

The third chapter proposes a method to construct a statistical shape model (SSM) of humeral
heads based on the anatomical landmarks in shoulder computed tomography (CT) images. In
order to design the artificial humeral head, the individual variety of the humeral heads should be
investigated. This study proposes a definition of anatomical landmarks, and automated detection
method. By using the determined landmarks, humeral head SSM model can be constructed. The
method was applied to 22 male subjects with leave-one-out cross validation (LOOCV). The
proposed method obtained an average Dice coefficient of 0.920 to represent the individual shape
using the constructed SSM.

The fourth chapter proposes a method to solve a nonlinear economic load dispatch (ELD)
problem based on quantum-behaved bat algorithm (QBA). The objective of ELD is to find an
optimal combination of power generating units to minimize total fuel cost of the system, while

satisfying all other constraints. QBA is applied in 3-unit, 10-unit, and 40-unit power generation



systems for different load demands. The comparison of results with the conventional approaches
shows that QBA performs better than the above-mentioned methods in terms of solution quality,
convergence characteristics and computational efficiency. Thus, QBA proves to be an effective
and a robust technique to solve such nonlinear optimization problem.

Finally, the fifth chapter summarizes the achievements of this thesis including the future

research directions.



