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The Problem

Determine ability to detect chafing faults in 
shielded wire using TDR

Research goals:
ÅCharacterize ability to detect faults on shielded wire types
ÅUse results to inform the design of better hardware/software
ÅIn this presentation we look at chafed coax as an example
ÅThe approach presented can be generalized



Approach

ÅDerive computationally efficient physics based forward models
ïDetermine the TDR response given wire specs. and fault location

ÅDevelop fault detection software based on a probabilistic 
approach that accounts for real world uncertainties.
ïProbability theory quantifies effectiveness of a fault detection algorithm

Parameters & 
Variables

Observed 
Outputs

)(qF



TDR Primer

TDR Hardware Wire Under Test

ZL

An input signal is applied to the wire

TDR measures the reflected signal

Measured TDR response to a 
transmission line with 2 geometry 
discontinuities (faults). Changes in 
this reflected signature  indicate fault 
location and size.



Input Step Signal

Laboratory Measured 
Response to faulted RG58 

Coax Cable

1st and 2nd Fault 
Reflection Signatures

Actual TDR Response for Chafed Cable

TDR RG58 Coax ς7 m - 11 × 3 mm fault @ 6 m ZLҐ қ 



Physical Effects

TDR RG58 Coax ς7 m - 11 × 3 mm fault @ 6 m ZLҐ қ 

Impedance mismatch at input connection



Physical Effects

TDR RG58 Coax ς7 m - 11 × 3 mm fault @ 6 m ZLҐ қ 

Capacitive charging as  the signal flows 
down the line



Physical Effects

TDR RG58 Coax ς7 m - 11 × 3 mm fault @ 6 m ZLҐ қ 

1st reflection from 
chafing fault



Physical Effects

TDR RG58 Coax ς7 m - 11 × 3 mm fault @ 6 m ZLҐ қ 

Secondary 
reflection from 
chafing fault

Reflection 
from Load



Model Evolution

base model (lossless)



Model Evolution

base model + loss effects (̀cғ қύ



Model Evolution

base model + loss effects (̀cғ қύ Ҍ Ŏƻƴǎǘŀƴǘ ǎƻǳǊŎŜ ƳƛǎƳŀǘŎƘ



Model Evolution

base model + loss effects (̀cғ қύ Ҍ ŦǊŜǉΦ ŘŜǇŜƴŘŜƴǘ ǎƻǳǊŎŜ ƳƛǎƳŀǘŎƘ



The Forward Model

TDR
Hardware

coax chafe coax

ZL

z = 0+

l1 l2d

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

The next few slides cover S-parameter based models for the 
components in chafed coaxial cable.



Model Components

TDR
Hardware

coax chafe coax

ZL

Nominal (unfaulted) Coaxial Cable

a

b

rʁ

c̀

ÅRadial dimensions a and b are 
considered known constants
Å̀ c is the conductance of the inner 

conductor in [Siemens/meter]
Åʁr is the relative dielectric permittivity
Å̀ c and ʁ r are considered unknown 

parameters



Model Components

TDR
Hardware

coax chafe coax

ZL

S-Parameter Model for Nominal Coaxial Cable
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Model Components

TDR
Hardware

coax chafe coax

ZL

Chafing Fault Model

w

˒

Z0( )̟ Z0( )̟ZF

d

ÅFinite difference method is used to 
numerically determine ZF as a function of w
ÅS-Parameters are then a function of d, ZF, 

and Z0( )̟
ÅUnknownparameters are w, and d



Model Components

TDR Hardware Model

ÅUnknownparameters are the measurement delay time tM, 
source impedance Zs, system gain constant G.

TDR
Hardware

coax chafe coax

ZL

VS

ZS Delay

Downstream Network
0˥( )̟

VM(t) = measured time domain response



TDR Response Calculation for the 
Composite Model
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The entire calculation is based on a fundamental
S-Parameter Update Equation



TDR
Hardware

coax chafe coax

ZL

z = 0+

l1 l2d

TDR Response Calculation

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

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



TDR
Hardware

coax coax

ZL

TDR Response Calculation

Break it into its components:
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TDR
Hardware

coax coax

ZL

TDR Response Calculation

Process the schematic from right to left:
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TDR
Hardware

coax coax

ZL

TDR Response Calculation

Process the schematic from right to left:

chafe

2˥

2

chafe

22

2

chafe

21

chafe

12chafe

111
1 G-

G
+=G

S

SS
S

1˥



TDR
Hardware

coax coax
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TDR Response Calculation

Process the schematic from right to left:
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TDR
Hardware

coax coax

ZL

TDR Response Calculation

Incorporate the TDR Hardware Model:
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TDR
Hardware

coax coax

ZL

TDR Response Calculation

Summary:

chafe

0˥ 1˥ 2˥ L˥

ÅEntire model is easy to evaluate on a computer
ÅIt takes a few tens of milliseconds for say N = 4095 
different frequencies needed for the TDR response
ÅThe model is just a function: F(̒ ): R7Ÿ CN

Å̒ = (w , d, l1, ʀr , ʎc , Zs , tM , G )



Probabilistic Inversion
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likelihood prior

posterior

The inversion problem is then clearly defined as an optimization problem:

),|Pr( maximize Fdataq

Find the most probable parameters given the observed data and model

(1)

(2)

Viewed as a 
function of ̒

Goal: Find the fault location and size, given the measured TDR 
response ςthe inverse of the forward model.

A Probabilistic Approach



Simulated Example Posterior PDF

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

Optimal, most likely fault 
location and size



Simulated Example Posterior PDF

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

Optimal, most likely fault 
location and size



Markov Chain Monte-Carlo
For kҐмΣнΣΧΣb ǎŀƳǇƭŜ k̒ ~ Pr(̒ | data,F)

The optimal estimate is then: 
ɸ* = argmaxPr(̒ k| data,F)

The spread of the N samples 
provide uncertainty information

The samples are obtained using the Nested Samplingalgorithm, a 
variant of the famous Metropolis Hastings Algorithm
ÅThe main drawback is this approach is slow, it takes around 8 hours to solve 

our fault inversion problem
ÅThe 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

Lab Measurements:
Location: 6.007 ± 0.012 (m)

Width: 3 ± 1 mm
Length: 11 ± 1 mm

(actual fault is ellipsoidal)

Chafing Fault Parameter Estimates
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Fault
Length (mm)

Location (m)

Posterior Samples

k̒ ~ Pr(̒ | data,F)

95% Confidence Ellipsoid

Best Estimate


