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11. Summary of the new findings of the thesis: The objective of this thesis is to develop 

wireless positioning or positioning assistance algorithms for GPS-denied environments 

such as indoor environments and urban outdoor environments. For indoor positioning using 

BLE, the thesis proposes novel methods based on geometric optimization, Least Square, 

or Artificial Neural Networks. They are all well-known, highly rigorous methods, trusted 

by many domestic and international scientists when researching indoor positioning 

problems. For outdoor positioning using 5G MIMO mmWave systems, the thesis develops 

novel channel parameter estimation methods to support positioning based on the renowned 

works of the positioning research group of Prof. Henk Wymeersch at Chalmers University 

of Technology, Sweden. They include assumptions that are not practically valid or have 

too high computational complexity. The basic algorithms used in this part are OMP family 

algorithms - a widely used class of algorithms for sparse channel estimation. Optimization 

algorithms to refine the coarse channel parameters used include coordinate descent, 

Newton Type algorithm, and Golden section search. The thesis uses algebraic analysis 

combined with simulation and real experiments to evaluate the performance of each 

proposed method. The main contributions are listed as follows: 

Contribution 1: We introduce a novel beacon planning method for indoor positioning 

systems using BLE. It helps the system achieve relatively high accuracy with the least 

number of beacons. 



Contribution 2: We introduce a novel beacon selection method for indoor localization 

based on Artificial Neural Network and weighted Least Square. 

Contribution 3: We introduce a novel method that is a combination of the distributed 

StOMP algorithm and the modified Silhouette method. It outperforms the standard OMP 

method and achieves nearly the same recovery accuracy compared to the Simultaneous 

OMP method, even without prior knowledge of signal sparsity. 

Contribution 4: We introduce a sparse channel estimation method that considers the 

interaction between paths in the beamspace channel. This method takes advantage of a 

special structure called Dirichlet to try to incorporate multiple Dirichlet functions into the 

signal representing the correlation between the columns of the sensing matrix and the 

received signal. The OMP algorithm that considers this problem gives a higher accuracy 

in determining the support set. 

Contribution 5: We introduce a method for fine-tuning the coarse parameters for mmWave 

systems using coordinate descent, golden section search and least square. This method has 

a lower algorithmic complexity than a method using only Newton algorithm. 

 

12. Practical applicability, if any:  .....................................................................................  

13. Further research directions, if any: Utilizing machine learning to improve the accuracy 

of positioning using RSS and exploiting sensing functionality to support positioning in 6G 

networks. ............................................................................................................................  
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