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The Problem

Determine ability to detect chafing faults in
shielded wiraisingTDR

Research goals:
A Characterize ability to detect faults on shielded wire types

AUse results to inform the design of better hardware/software
Aln this presentation we look at chafed coax as an example

AThe approach presented can be generalized
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Approach

A Derive computationally efficient physics based forward models
I Determine the TDR response given wire specs. and fault location

A Develop fault detection software based on a probabilistic
approach that accounts for real world uncertainties.
I Probability theory quantifies effectiveness of a fault detection algorithm
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TDR Primer

— An input signal is applied to the wire

=

Wire Under Test
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TDR Hardware

—— TDR measures the reflected signal

Measured TDR response to a

discontinuities (faults). Changes

location and size.
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transmission line with 2 geometry
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this reflected signature indicate fault



Actual TDR Response for Chafed Ca&

TDR — RG58 Coag7 m- 11x3mmfault @ 6 m  glVAR ]<
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Physical Effects &

TDR — RG58 Coag7 m- 11x3mmfault @ 6 m  glVAR ]<
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Physical Effects &

TDR — RG58 Coag7 m- 11x3mmfault @ 6 m  glVAR ]<
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Physical Effects

TDR
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Physical Effects

TDR — RG58 Coag7 m- 11x3mmfault @ 6 m  glVAR ]<
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Model Evolution

base model (lossless)
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Model Evolution

base model + loss effects.f kK U
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Model Evolution
base model + loss effects.f k0 b O2yaidl yid &az2dz2NDS Y
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Model Evolution &
base model + loss effects.f k0 b FTNBI® RSLISYRSYyl 3
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The Forward Model

TDR
Hardware

Approach: Use RF fundamentals to model the system ghgce
piece, and then use the pieces to compute the TDR response.

The next few slides covergarameter based models for the
components in chafed coaxial cable.
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Model Components

TDR
Hardware

chafe coax

Nominal (nfaulted) Coaxial Cable

ARadial dimensiona andb are
consideredknown constants
<2 A’ _is the conductance of the inner
“ conductor in [Siemens/meter]
A is the relative dielectric permittivity
A .and¢, are consideredinknown
parameters



Model Components

TDR

chafe coax
Hardware

SParameter Model for Nominal Coaxial Cable
Sll = S22 = O
S, =S, 1t S, (|):e“'k‘W)'

In(b/a) k(w)
20 w

Zy(w) =




Model Components

TDR

chafe coax
Hardware

Chafing Fault Model

= 2+ ) Z &) =

AFinite difference method is used to
numerically determine Zas a function of w
A SParameters are then a function df Z,

and Z(- )

AUnknownparameters arav, andd




Model Components

TDR

chafe coax

Hardware

TDR Hardware Model

Vy,(t) = measured time domain response |

o

Downstream Network

AUnknownparameters are the measurement delay timg
source impedance/Zsystem gain constant G.




TDR Response Calculation for the @
Composite Model

The entire calculation Is based on a fundamental
SParameter Update Equation
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TDR Response Calculation

Starting with the composite model, and system
parameters compute the TDR response.

TDR
Hardware

chafe coax

System parameters: fault location, length, width, cable
dielectric permittivity, conductivity, system gain, port
Impedance mismatch, and measurement delay



TDR Response Calculation

Break it into its components:

TDR
Hardware




TDR Response Calculation

Process the schematic from right to left:

TDR
Hardware

SCO&X SCO&XCBL —

_ coax
Gz _ S11 T

1 SCO&X GL



TDR Response Calculation

Process the schematic from right to left:

TDR
Hardware

chafe ~ chafe
Gi — Schafe + S12 S21 Gz -

11

1- S;*°G

2



TDR Response Calculation

Process the schematic from right to left:

TDR
Hardware

SCO&X SC03.X(3l —

_ coax
0 S11 T

1 Scoax (31



TDR Response Calculation

Incorporate the TDR Hardware Model:

TDR
Hardware

lo

r Gain factor

— é’ G +Go - j2wt 6
V, (W) = H(mVg(w) = — %+1+Geo ")
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TDR Response Calculation

Summary:

TDR
Hardware

lo

1y

AEntire model is easy to evaluate on a computer
Alt takes a few tens of milliseconds for say N = 4095

different frequencies needed for the TDR response
AThe model is just a functiof( ): R Y C\

'B\‘ :(WI d él’?/‘l/fCI %/l‘/[/// @



Probabilistic Inversion

Goal: Find the fault location and size, given the measured TDF
responseg the inverse of the forward model.

A Probabilistic Approach

Viewed as a likelihood prior
function of’ [ A | [ \ \
Pr(data |g,F)Pr(g | F)

Pr(g |data,F) = (1)
\ Y - pPr(data |g',F)Pr(g’|F)dg’

posterior

The inversion problem is then clearly defined aptimization problem

lmaximize Pr(g | data, F ), (2)

Find the most probablparametersgiven the observed data and model
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Simulated Example Posterior PDF

Rel. Log Posterior Probability vs. Fault Location and Radius

Measured TOR Response

Optimal, most likely fault
location and size

......

e N

-2 \ |

1.5
6.01
. 1 6

Fault Radius {mm) 599

5.98 Fault Location {m)

0.3 5.97

5.96
0 5.95

Fault signature is not visually detectable on the TDR measurement,
but very detectable on the Posterior PDF



Simulated Example Posterior PDF

Rel. Log Posterior Probability vs. Fault Location and Radius

Measured TDR Response

Optimal, most likely fault W 2l . S
. i : : : : pr AT ' TDR Measurement : 5 . p————
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Fault signature is not visually detectable on the TDR measurement,
but very detectable on the Posterior PDF
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Markov Chain MonteCarlo

The optimal estimate is then:
¢" =argmaxPr( | data,h

The spread of the N samples
provide uncertainty information

The samples are obtained using tHested Samplinglgorithm, a

variant of the famous Metropolis Hastings Algorithm

A The main drawback is this approach is slow, it takes around 8 hours to solv
our fault inversion problem

A The main advantage is it solves a general nonlinear inversion problem
without the need for derivative information, a good initial guess, or
additional Gaussian approximations



Optimal Estimate and Uncertainty

Chafing Fault Parameter Estimates

Best Estimate Lab Measurements:
Location: 6.004 0.012 (m)
Width: 3+1 mm
Length: 11+ 1 mm
(actual fault is ellipsoidal)

ﬁ\ Posterior Samples
"~ Pr(| data,H
\ 95% Confidence Ellipsoid

Location (m)

Fault Width (mm)

Fault
Length (mm)



