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Abstract

In this paper, we propose a high-resolution time-frequency domain reflectometry technique as a methodology of
detection and estimation of faults on a wire. This method adopts the time-frequency cross correlation characteristics
of the observed signal in both time and frequency domains simultaneously. The accuracy of the proposed method is
verified with experiments using a RG type coaxial cable and comparing it with traditional time domain as well as
frequency domain reflectometry methods. It is clearly shown here that the proposed algorithm produces excellent results
compared to the conventional methods for single as well as multiple fault cables.

Key words : Time-Frequency Domain Reflectometry, Chirp Signal, Time Frequency Cross Correlation, Fault
Detection, Fault Estimation, Resolution
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Table 1. Physical and electrical property parameter
for a RG type coaxial cables.

Coaxial | Inside | Qutside | Permitti- | Loss tangent,
cable radius radius vity | [f<3 GHzY
type fmm] [mm] ) 341

RG 142 0.9398 3.4544 21 0.0003

RG 400 1.0150 | 3.5900 2.1 0.0003
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Fig. 6. The TDR simulstion for the detection and
estimation of the fault for a fault at 30m on
a RG 142 type coaxial cable(Estimation fault
location: 30.07 m, Error rate: 0.23 %).
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Fig. 7. The TFDR simulstion of the detection and
estimation of the fault for a fault at 30 m on
a RG 142 type coaxial cable(Estimation fault
location: 30.04 m, Error rate: 0.11 %).
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Fig. 8. Time series of the reflected signal in (a) and
corresponding time-frequency cross correlation
function for detection and estimation of the
fault in (b) for a open at 20 m of a RG 400
type coaxial cable(Estimation fault location:
19.97 m, Error rate: 0.15 %).
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Fig. 9. A screen snapshot of the TDR HP34750A/
54754A for the detection and estimation of
the fault for a fault at 20 m on a RG 400
type coaxial cable(Estimation fault location:
19.60 m, Error rate: 2.0 %).
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Table 2. Comparison of TDR and TFDR for a RG
400 type coaxial cable.

RG |
400fault | TFDR |Error(m); TDR |Error(m)
state
damage | 39.93 0.07 | 39.19 0.81
40 m | open 39.83 0.17 39.09 0.91
short 40.05 0.05 39.19 0.81
damage | 29.90 0.10 | 29.48 0.52
30 m | open 29.86 0.14 | 29.38 0.62
short 29.93 0.07 | 2945 0.55
damage 19.99 0.01 19.70 0.30
20 m | open 19.97 0.03 19.60 0.40
short 19.96 004 | 19.70 0.30
damage 9.96 0.04 9.79 0.21
10 m | open 9.94 0.06 9.89 0.11
L short 9.95 0.05 9.89 0.11

Fault
location

TFDR & TDR 5t] (RGACO Type)

Emer
Rate(% )

i (oo

% 10. RG-400 coaxial cable®] &) A3t )9
tjgt TFDR3} TDRZFS] Q.XF&(error rate)
]

Fig. 10. Comparison of the fault location error rate
between the TFDR and TDR with RG 400
coaxial cable for different fault location.
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Fig. 11. A screen snapshot of the TDR HP54750A/
54754A for a multiple fault of a RG 142
type coaxial cable.
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Fig. 12. Phase difference between reference and re-
flected signal from a multiple fault a RG
142 coaxial cable.
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Fig. 13. Time series of the reference and reflected
signal in (a) time-frequency cross correlation
function in (b) for a multiple fault of a RG
142 type coaxial cable.
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Table 3. Comparison of the muitiple fault detection
and estimation among the TDR, FDR and
the TFDR with a RG 142 coaxial cable.

Fault location Det;c:on Error | Error
(state) Estimation m O
[0 m(damaget) { 9.956 0044 | 044
Measured | 20 m(damage2) |undetected | - -
30 m(open) ndetected - -
TDR
10 m(damagel) 10.032 00321 032
Simulated | 20 m(damage2) 20.112 0.112 | 0.56
30 m(open) 29.842 0.158 | 0.53
10 m(damagel) | 11.477 1477 | 1477
Measured | 20 m(damage?) |undetected | - -
30 m(open) undetected | - -
FDR
10 m(damagel) | 8.962 1.038 | 1038
Simulated | 20 m(damage?) |undetected | -
30 m(open) undetected | - -
10 m(damagel) | 9.957 | 0.043| 043
Measured | 20 m(damage2) | 19.938 0.062 | 0.31
30 m(open) 29.925 | 0.075 0.25
TEDR 10 m(damagel) | 9.983 0.017 0.17
Simulated | 20 m(damage2) | 19.972 0.028 | 0.14
30 m(open) 29.818 | 0.182| 0.6l
AT-Foe ABE A 18 F de A-F
F A5 A3 AR AR (10 m, 20 m, 30 m)st
Aell("damage”, "open", "short")ol] Ar@Eglo] EA L]
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