
Motivation

Research Plan

Workshop on Monitoring PhD Student Progress.  - June 14 - 15th, 2018

Thesis Objectives

Scientific Methodology

Development and Evaluation

Research Plan

Bruno Sa Moreira Fernandes
PhD Student

University of Vigo
bsamoreira@uvigo.es

Manuel Fernandez Veiga, PhD
Thesis Advisor

University of Vigo
mveiga@det.uvigo.es

PhD Program
Information and Communications

Technology of the University of Vigo

IMPROVING INTEROPERABILITY IN COMMUNICATIONS USING A
NEW TRANSPARENT ABSTRACTION COGNITIVE TRANSPORT LAYER

20192018 2020
Literature review Technical work

Experimental validations

Publication of results

2021

Dissertation writting and submission

Between 2016 and 2022, mobile phones are expected to be surpassed in numbers by IoT
devices at a Compound Annual Growth Rate (CAGR) of 21% [1].

The problem we face nowadays:
• Devices with multiple RF technologies;
• No transparent way to switch between technologies;
• Application layer can only use a specific transport protocol dependent on the

technology;
• Wi-Fi, Bluetooth, LTE, etc. have different stacks;
• Impossibility of taking advantage of all technologies simultaneously right from the

transport layer.

Most devices nowadays have
multiple Radio Frequency
(RF) technologies:
• Smartphones - Wi-Fi, LTE,

Bluetooth;
• IoT devices - Wi-Fi, LTE,

Bluetooth, LoRa;
• Other devices - other RF

technologies.
Wireless Mesh Networks
(WSNs) are an excellent
solution to decrease costs
on:
• Infrastructure deployment;
• Maintenance;
• Device hardware.

The goal of this thesis is to improve interoperability in communications at the transport 
layer and routing layer, providing an intermediary transparent abstraction cognitive 
transport layer capable to cope with any communication medium, for a better usage of 
the RF mediums available in each device.
• Provide a transparent cognitive transport layer to devices with multiple technologies 

(Bluetooth, Wi-Fi, LoRa, ZigBee, etc.);
• Develop a cognitive module to take decisions based on metrics provided by upper and 

lower layers;
• Sensing the available interfaces, and use a single or multiple, based on a composed 

metric scheme;
• Provide a metric scheme based on physical characteristics from each technology from 

each device, to the cognitive module.
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To develop the proposed work, a model of the new cognitive transport layer will be
designed in order to:
• Provide upper layers the transparency for multi transport communication;
• Be capable to choose the most suitable transport protocol with information from lower

layers.

During R&D and evaluation cycles of the proposed work, the software spiral model
will be used as a reference.

Create the “cognitive
module” to take
decisions based on
metrics provided by
upper and lower
layers.

The figure on the
right shows in
reference to the OSI
model where the
proposed work will
be focused.

• Cognitive Interoperability Transport Manager (CITM) - Will make decisions based on
the information from upper and lower layers;

• Technology Aware Routing Protocol (TARP) - Routing protocol that will consider metrics
from lower layers, working as an extension to standard routing protocols.

The starting point will be to:
• Explore most used technologies and which of them can be used simultaneously;
• Explore routing protocols and the feasibility of including physical characteristics in the

packet header;
• Explore routing mechanisms and feasibility of adding a cost depending on the physical

characteristics [3];
• Explore IoT protocols for constrained devices and stacks complexity, e.g. lwIP,

6LowPAN [4];
• Explore alternatives for collecting interface physical information [3];
• Integrate the physical information as a module for standard routing protocols easier

adoption;
• Explore how Cognitive Radio techniques can be used on the “proposed cognitive

transportation layer” [2];
• Explore transport protocols e.g. TCP, UDP, RTP, MPTCP to be used by the "cognitive

transportation layer“;
• Explore testbeds to test this proposal e.g. PAN, MANET.

We highlight three major cycles:
• Simulation - Opnet, Netsim, NS-3, etc.

are thought to be used if modules for
the chosen technologies are available;

• Performance - Tests to get latency,
network convergence, overhead,
throughput, and other measurements
that may arise during the whole develo
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performed according to two scenario types:
• Static scenario - Devices will stand still.
• Dynamic scenario - Devices will move at a certain speed and in a specific pattern.
• Testbed - Consists in several devices with multiple technologies running the

software developed in the proposed work. The devices will be connected in a mesh
network topology and the testbed will be divided into two distinct scenarios:

1. Static scenario: Evaluate network performance and convergence.
2. Dynamic scenario: Evaluate the routing protocol and cognitive transport layer

impact on network performance and convergence.

pment cycle. The performance tests will be


