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Motivation

 The importance of structural health 
monitoring assisting and informing 
operators about continued “fitness for 
purpose” of structures under gradual or 
sudden changes to their state.

 The impact of civil infrastructure changes 
in the urban system.



Problem Abstraction

 To design a model with the properties of 
reconfigurability, scability and modularity which could 
be used in the change detection in an urban 
ecosystem.

 Such model will use information gathered through 
civil infrastructure monitoring in order to be used as a 
decision support system.

 The information will be obtained using entropic 
measures and will be modeled using a set of possible 
states.

 Possible future direction and level of health of the 
system could be evaluated through comparison with 
previous state(s).



What is Civil Infrastructure?

 Buildings, bridges, tunnels, dams, port 
facilities, heritage structures, power 
plants,…

 It provides the means for a society to 
function.



How are they monitored?

ÁMonitoring and maintenance are done 
depending on importance, use, risk, hazard.

ÁThe effectiveness is only as good as their time 
ability to reveal problematic performance…

Á…then, limited and intermittent procedures 
have to be supplemented by continuous, 
online, real-time automated systems.

ÁEvery structure is unique: a major part of the 
system has to be geared towards long-time 
evaluation of “health” or “normal” structural 
performance.



Objectives of Civil Infrastructure Monitoring

Ámodifications to an existing structure
Ámonitoring of structures affected by external 

works
Ámonitoring during demolition
Ástructures subject to long-term movement or 

degradation of materials
Áfeedback loop to improve future design based 

on experience
Áfatigue assessment
Ánovel systems of construction
Áassessment of post-hazard structural integrity
Ádecline in construction and growth in 

maintenance needs 
Áthe move towards performance-based design 

philosophy
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 Entropy : degree of disorder in an ecosystem.
ïDisorder: State in which the ecosystem may experience obvious 

degeneration for long periods and over a large range of degrees of 
degeneration.

ïLow entropy is desirable.

 Types of Entropy

dS = diS + deS (entropy change)

Entropy Flow ( deS) Entropy Production ( d iS)  

1. Sustaining input entropy
Carrying capacity provided by the 
natural subsystem

3. Regenerative metabolism entropy
Use of materials and storage of 
substances and energy

2. Imposed output entropy
Pressure imposed by the
socioeconomic subsystem

4.  Destructive metabolism entropy
Material (wastes) transferred 
through the artificial system

Informational Entropy Model



 Indicator System

1. Sustaining input indicators (producers)
2. Imposed output indicators (consumers) 
3. Regenerative metabolism indicators (regenerators)
4. Destructive metabolism indicators

 Measurement Model

ïStatistical Mathematical Model.
ïShannon:

In an uncertain system, if X= {x1, x2, . . .,xn} for n≥2 and   
X is a random variable, it can be used to represent the 
system’s status, and if the corresponding probability of each 
value of X is P = {p1, p2, . . ., pn} (0≤pi ≤1; i=1, 2, …, n; 
∑pi = 1), then the information entropy can be described as

S =−∑ pi ln(pi).

Informational Entropy Model



Change Detection Model

 Information source varies in relation with the 
system being observed.

 It is important the identification of the adequate 
variables representing the system.

 The nature of the signal is related to the system 
being observed, but the model is independent of 
such nature.

 The final intention is to provide a tool in the 
assistant of decision making by the pertinent 
user, not to provide a solution for the changing 
agent.



 Finite Informational System :

Given a system’s state or set of states and a set 
of variables acting over the system, such 
interaction among them constitutes a transition 
function to a (possibly different) state or set of 
states of the system.

Change Detection Model



An illustration…

( )H X=-ä i i
i

p(x )lg(p(x ))

dH = 2246

New Orleans, March 2005 New Orleans, August 2005



Conclusions

 The characteristics of reconfigurability, 
scalability and modularity, enable this model to 
be used in the representation of different kinds 
of structures and for different systems.

 The independence between the model and the 
nature of the information easies the integration 
of different technologies available nowadays.

 Due to the nature of the observables, social and 
ethical impact constitute and intrinsic part both 
in the development and application of the 
proposed model.
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