
 
RESEARCH ARTICLE                                         XXXXXXXXXXXXXXXXX         

 

 
Copyright © XXXX American Scientific Publishers                                              Advanced Science 
Letters 
All rights reserved                                                                                                      Vol. XXXXXXXXX  
Printed in the United States of America 

 
 
 

 
 

Indoor Positioning Using Artificial Neural Network 
with Field Programmable Gate Array 

Implementation 
Syahrulanuar Ngah, Rohani Abu Bakar, Suryanti Awang  

Faculty of System Computer & Software Engineering, Universiti Malaysia Pahang,  
Lebuhraya Tun Razak, jalan Gambang, 

 26300 Kuantan Pahang, Malaysia 
Corresponding author Email: syahrulanuar@ump.edu.my 
Received: 22 July 2017   Accepted: 24 September 2017 

  
 

Indoor positioning required fast and accurate result. This paper applied the artificial neural network (ANN) as a system for 
calculating the target in indoor environment. To speed up the calculation time, ANN then is run into field programmable gate 
array (FPGA). Since the original sigmoid function in ANN is not feasible to be applied into FPGA, two-steps sigmoid 
function calculation proposed by previous researcher then is used as a replacement. A new design of the FPGA is proposed to 
suite the requirement for implementing the previous researcher method. The results showing that FPGA can calculate 20 
times faster with the maximum error 0.04 meters, slightly higher than the software implementation.  
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1. INTRODUCTION 

The indoor positioning has great potential value. The 
estimated market value for indoor positioning will be 5 
billion USD in 2018 1. Indoor positioning can provide 
many useful services such as find people out quickly in a 
large place like airport, hospital or exhibition mall. It also 
can be used as a tour guide system. It will become the one 
of the key technologies to improve the quality of human 
productivity and living community2. Positioning is 
referred to realizing object position by using variety of 
technique 3. The position estimation relies on the received 
physical information such as time of arrival (TOA), and 
time different of arrival (TDOA) 4,5. Then, the received 
physical information is convert into target position by 
using positioning algorithm. 

Many artificial intelligence can be used to solve the 
indoor positioning problem. Previous researcher 6 was 
compared the performance between particle swarm  
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optimization (PSO), genetic algorithm (GA) and artificial  
neural network (ANN). Based on these researcher6, 
performance of the ANN outperforms the PSO and GA in 
terms of accuracy and precision. The ANN is then used as 
a positioning algorithm in this paper.  

ANN is a part of the artificial intelligence field. It is 
nonlinear information processing systems by combining 
various processing unit with a series of characteristic. The 
ability to learn and massively parallel distributed structure 
are two information processing capabilities that make the 
ANN possible to find a good approximation solution for 
complex and large-scale intractable problem7. 
Implementation of the ANN fall into two categories: 
software, and hardware implementation8. Software 
implementation offers flexibility for running the ANN. 
However, if the huge number of neuron involved, 
especially in multilayer perceptron (MLP) of ANN, the 
processing time is increased. Indoor positioning need to 
be accurate and less computation time in order to 
implement in real-time. Focus of this paper is the 
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