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Abstract 

This thesis contains two parts. A general introduction to the main contributions is given in 

Chapter 1. The first part is included in Chapter 2 and 3. The second part is included in 

Chapter 4 and 5. 

 

In the first part, we present a new method for convex shape representation, which is 

regardless of the dimension of objects. To the best of our knowledge, the proposed prior is 

the first one which can work for high dimensional objects. We first prove that the convexity 

of the considered object is equivalent to the convexity of the associated signed distance 

function. Then, the second order condition of convex functions is used to characterize the 

shape convexity equivalently. We apply this new method to two applications: object 

segmentation with convexity prior and convex hull problem (especially with outliers). We 

also propose algorithms based on the alternating direction method of multipliers to solve 

these models. Numerical experiments are conducted to verify the effectiveness of proposed 

representation methods and algorithms. This part has been published in [38] and [39]. 

 

In the second part, we derive an a priori error estimate for the mixed residual method 

solving some elliptic PDEs by neural networks. Our work is the first theoretical study of this 

method. We prove that the neural network solutions will converge if we increase the 

training samples and network size. Besides, our results suggest that the mixed residual 

method can recover high order derivatives better than the deep Ritz method. This part is 

included in the preprint [40] and [41]. 


