The communication infrastructure for
Structural Health Monitoring (SHM) with
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e SHM - Structural Health Monitoring with multi-measure sensing nodes to understand
the real behavior of structures during life cycle and in critical situations (even extreme).
These nodes could be used for: |

¢ determination of local displacements;

s diagnosis of crack patterns;

s determination of deformations spectrum;

¢ management of maintenance activities;

<% analysis of thermal expansions. V e

« An innovative control network with star topology based on LoRa Protocol , a radio
communication technology exploiting license free frequency bands, allowing information
exchange over long distances with low-power consumption. The infrastructure is organized
in different layer. The sensing nodes are installed in different part of structure and acquire
information on internal parameters. Gateways receive and relay it to the supergateway.

This receives and keeps track of the correct operation of end-nodes.
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« Analysis of propagation performance of LoRa Technology in urban environment
Goal: Analysis in term of range and received power

Methods: Determination of path loss, shawdowing and multipath fading

Possible solutions:

Empirical solutions : Received power equation — Okamura-Hata model

Point-to-point or star network
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Innovative wireless technologies

Lorenzo Carosso

Supervisor: Patrizia Savi — Marco Allegretti

Novel contributions

 Evaluate the possibility to use LoRa in urban complex environment;

* Propagation measurements and simulation in urban environment using ad-hoc and multi-
configuration trasmitters and receivers,;

« Comparison of measurements results with commonly used empirical propagation models;

« Study the use of network redudancy to detect faults

 Determination of LoRa Propagation in indoor environment.
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Adobted methodoloaies

THEORETICAL ANALYSIS OF PROPAGATION PERFORMANCE

» Use the empirical Okumura-Hata model to define the maximum distance that could be
covered in urban areas at the frequency on which Lora modules operate in Europe. The
equation yelds the path loss Lp by knowing the operating frequency f in MHz, the
transmitter and receiver heights ht and hr and the correction parameters o(hr):

am—
10m

Lalgs = 69.55 + 26.161l0g,, f — 13.82 log, o by — alhy) +
+ (44.9 — 6,35 log,, hy) logy, 4

Maximum range (m)

Transmitted power (dBm) hy =3m hy = 20m
0 552 923
5 727 121
14 1194 1998

where for large cities alhg) = 3.2[log,,(11.75- hgl]® — 4.97.

* Improve the quality of gateway’s antennas, in order to be able to cover long distances
(very useful for large infrastructure, such as bridges) with a smaller number of intermediate
nodes;

* Modify the network topology from a single super gateway configuration to the deployment
of a series of central nodes;

* Analyze and design the characteristics of reader and target of sensing nodes.

 Develop a system for energy harvesting to extend the lifetime of nodes;

* Development of a fully reliable sensor to be used in each node of the developed

infrastructure able to measure millimeter displacements;
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