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Motivation

Developing a deterioraঞon model for network-scale visual inspecঞons.

Esঞmaঞng the deterioraঞon rate from visual inspecঞon data.

Quanঞfying the uncertainty of visual inspecঞons.

Proposed Degradation Model
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Method: State-Space Models

transiঞon model︷ ︸︸ ︷
xt = Axt−1 + wt, wt : W ∼ N (w; 0, Qt)︸ ︷︷ ︸

process error

observaঞon model︷ ︸︸ ︷
yt = Cxt + vt , vt : V ∼ N (v; 0, Rt)︸ ︷︷ ︸

observaঞon error

Inspector-Dependent Uncertainty

observaঞon model︷ ︸︸ ︷
yt = Cxt + vt , vt : V (Ii) ∼ N (v; 0, Rt(Ii))︸ ︷︷ ︸

observaঞon error

,

inspectors︷ ︸︸ ︷
Ii ∈ [I1, I2, . . . , II]

State-Dependant Uncertainty
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Figure 1. Transformaঞon funcঞon g(.) with different n values.
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k)

µj
t|t,k, Σj

t|t,k

SmootherKalman filter

Log. Likelihood

µ̇ + 2σẋ > 0
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Figure 2. Flowchart of structural deterioraঞon model

Contributions

The main contribuঞons of this work are:

Model the deterioraঞon behaviour based on visual inspecঞon data taken

from a network of bridges.

Quanঞfy the uncertainty of the inspectors performing visual inspecঞons.

Quanঞfy inspecঞons uncertainty based on the deterioraঞon state of the

structural element and the inspectors uncertainty.

Validate and verify the proposed methods with real and syntheঞc

datasets respecঞvely.

Visual Inspections Database

Informaঞon hierarchy for the data of a visual inspecঞons system.
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Figure 3. Informaঞon Hierarchy for Visual Inspecঞon System

Example of Inspecঞon Data for a Structural Element:

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

40

60

80

100

I78
I53

I131 I224

Time (Year)

D
et

er
io

ra
ti

on
C

on
di

ti
on

of
e5

3
9

1
8

Inspection

Figure 4. Inspecঞons y539
18 of Structural Element e539

18

Syntheঞc Inspecঞon Data:

Syntheঞc Inspecঞons Real Inspecঞons

- # Structural Elements E = 10827.
- # Inspectors I = 194.

Results: Verification & Validation

Syntheঞc Data Analyses
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Figure 5. Condiঞon deterioraঞon analysis based on the observaঞons ỹ792
1 of the

syntheঞc structural element e792
1 with error bars represenঞng the Inspectors true (wide

whiskers) & esঞmated (narrow whiskers) uncertainঞes.
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Figure 6. Sca�er plot of inspectors true σV (Ii) vs. esঞmated σV (Ii) with a dashed line
represenঞng the iniঞal value at the start of the opঞmizaঞon.

Real Data Analyses
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Figure 7. Condiঞon deterioraঞon analysis based on the observaঞons ỹ8233
1 of the

structural element e8233
1 .
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(a) Model forecast µ̃j
k,t|T vs. new

observaঞons ỹj
k,t.
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(b) Model forecast µ̃j
k,t|T vs. new

observaঞons ỹj
k,t.

−4 −2 0 2 4
0

0.2

0.4

0.6

0.8

1

1.2

1.4

Fig1

Fr
eq

ue
nc

y

Histogram
X ∼ N (0, 1)

(c) Normalized histogram for
(µt|T − yt)/σ (Transformed

Space).

Figure 8. Deterioraঞon condiঞon validaঞon for real structural elements.


