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Abstract: High-precision GNSS algorithms have a complexity that requires a high computational
load, so not all mobile devices will be capable of calculating position through their use, and without
compromising their efficiency and wasting battery. The development of an app will provide the
opportunity to research the possibility of controlling 100% of the raw data from the GNSS sensor
from smartphones. Oriented to “cloud computing”, since the main objective is to provide a real-time
computing tool to achieve a navigation solution, we use GNSS algorithms for this purpose, and thus
avoid the computational load on the smartphone.
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1. Introduction

The research focuses on the development of an app that allows for studying, comple-
menting, expanding and introducing different analyses of the GNSS signal received on
smartphones, in terms of precision and accuracy, with special emphasis on the signal /noise
ratio of the signal itself.

To do this, the development of our own app allows us to control 100% of the raw
data from the GNSS sensor (raw data) from smartphones. The application is oriented
to “cloud computing”, since the main objective is not only to be able to capture the data
for its subsequent post-processing, but also to provide a real-time computing tool for
achieving a navigation solution; we use GNSS algorithms for this purpose, thus avoiding
the computational load on the smartphone, since it will be carried out on a server that is
more prepared for it.

Regarding the applicability of the research, referring to urban mobility and smart
cities, GNSS data from mobile devices allow mobility studies to be carried out either in
situations in which behaviour is common, or in atypical situations, performing continuous
and precise spatial monitoring, for example, to analyse the traffic situation in terms of
driving speeds, the load on the road network, the distribution of trips, public transport
networks, traffic accidents, etc. The implementation of such a solution would mean that
citizens agree to upload their raw GNSS data to the cloud and share it, which today, and
for the purposes of this doctoral thesis, is unfeasible.

To summarise, the objectives of the research are the analysis of the GNSS signal
received on a smartphone in terms of precision and accuracy, with special emphasis on the
signal/noise ratio and the generation of a GNSS data storage and computing platform in
the cloud.

2. Background and Current Status

The development of low-cost GNSS chips prompted a revolution in positioning and
navigation devices. The accuracies provided by GNSS receivers in smartphones enabled
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a wide range of location-based services including social media, vehicle tracking, weather
services, etc. [1].

During the “I/02016” conference held in May 2016, Google announced that raw GNSS
measurements from smartphones and tablets running the Android N operating system
(“Nougat” = version 7) will be made available to developers [1,2]. On the other hand, in
May 2018, the first multi-constellation and double-frequency mobile phone (Xiaomi MI 8,
Xiaomi Corporation, Beijing, China) [3] was launched on the market. These two milestones
have marked a new era in positioning and navigation. The implications of these releases are
important for the community, as they will allow us to move away from the GNSS receiver
black box concept that provides metric-level accuracies, and will open up the possibilities
of using pseudorange, Doppler, and carrier-phase measurements to obtain more accurate
positions [1].

All of these factors are pushing today’s receiver technology to its limits, due to the
high demand for perfect, precise, and safe positioning. In this context, the arrival of
new applications is of great importance, where their size must be reduced, their energy
consumption must be low, and their computational capacities are limited by the users’
devices, which generates serious concerns when implementing GNSS data processing
tasks [4,5].

For this reason, the need to solve this problem in an efficient way arises, and with it,
the idea of using cloud computing [4-7]. Through cloud computing, the problems of GNSS
data treatment and processing in the receivers themselves are solved, as well as a reduction
in energy consumption in them, since they are usually associated with batteries that run
out when handling a greater computational load [4].

3. Material and Methods

For the complete analysis of the GNSS signal in mobile devices, our own mobile
application is being developed, which allows testing and analysis in different scenarios.
For the development of the application, the Google SDK known as Flutter (using Dart
programming language) is being used, which has many plugins. The cloud computing
part, in terms of data management and communication between application and server, is
being carried out using the Node.js framework; regarding the computation of the GNSS
data, the open-source library RTKLib is being used.

With all this, different new scenarios will be considered, where new executions will
be carried out, either in post-processing or in real time, thus being able to determine new
parameters that allow for improvements in the precision and accuracy of GNSS positioning
in mobile devices.

In addition, these scenarios will be oriented towards urban mobility and smart cities,
seeking their applicability, especially in urban services that can improve the quality of
mobility in cities.

3.1. Material
3.1.1. Hardware

Google Pixel 7 Pro (Google, Mountain View, CA, USA): A smartphone selected for app
development and testing. The Google device offers the possibility and ease of accessing all
the GNSS sensor data without any type of hardware restriction.

3.1.2. Software

e  Flutter: An open-source mobile app created by Google SDK. It is often used to develop
user interfaces for Android, iOS, and Web applications, as well as being the primary
method for creating applications for Google Fuchsia.

e NodeJS: A cross-platform, open-source, server-layer runtime environment based on
the JavaScript programming language; it is asynchronous, with data I/O in an event-
driven architecture and based on Google’s V8 engine.
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e  RTKLib: Open-source software package for standard and accurate positioning with
GNSS (global navigation satellite system). RTKLIB consists of a portable program
library and various APs (application programs) that use the library.

3.2. Methods

As depicted in Figure 1, the app (green) takes the data from the GNSS sensor and sends
them through a WebSocket connection to the server (red), where the data are captured and
converted to the RTCMS3 format for subsequent delivery to the RTKLib software (blue).
The server oversees launching the execution of RTKLib, sending the raw data and the
navigations, and when RTKLib generates the solution, it is sent back to the server, which
collects it and sends it to the smartphone. The smartphone stores the received data in plain
text files and stores them in the Firebase database (orange). Within the different positioning
modes that RTKLib offers, the possibility of using single, kinematic and PPP is raised;
this may allow us to analyze the performance of the different modes, and identify if it is
possible to obtain said solutions in RT from GNSS data from smartphones.

App

RTKLib

Figure 1. App/server structure. The figure shows the different parts that make up the structure of
the project, as well as the relationships between them.

4. Results

Currently, the mobile application is in the development phase, where two parts will
be differentiated:

1. Data capture and dumping data into plain text files: Currently, the application already
has the possibility of capturing and storing GNSS data for their subsequent post-
processing as shown in Figure 2. In addition, the user interface has been improved
so that all the executions that are carried out are stored in the database; thus, in the
case of phone data loss, said executions can be recovered, thus also generating an
information store that can be used in the future to establish clear parameters on the
applicability of the solution.

2. Raw data processing in real-time: The development of this part of the application is
being finished. Currently, on the client side, a first version of the interface for sending
data to the computing server has already been defined and implemented. For this, a
connection has been implemented through websockets, creating an information tunnel
between the user and the server, which will remain open until the server and/or the
client close the connection to request information in real time. The raw data from the
sensor are converted to an internal NMEA-type format, thus generating a message
for each of the observables (satellites) received by the sensor. On the server side, the
implementation of the data reception part through websockets is being completed,
as well as the connection between the web server and the GNSS data processing
application (RTKLIB). For this, the transformation of raw GNSS data to the standard
RTCMBS format has been defined as an interface.
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Figure 2. App interface examples: (a) GNSS status tab, showing the sky status; (b) Real-time launcher
tab, showing the status of the connection with the server when an RT execution is running.
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