Development of Remote Sensing System using Electromagnetic Waves

for Insulation Diagnosis of Electric Power Apparatus and Facilities

by
Masatake KAWADA

Partial discharge (PD) is a symptom of the insulation degradation of the electric power apparatus and
facilities. In this study a new method was developed for finding the direction of arrival (DOA) of the
electromagnetic waves emitted from PD using Bayesian Network. The time delay between two antennas
computed from digital data generally has error because of the effect of sampling time. Therefore the angle
of arrival estimated from the time delay also has the estimation error. The probabilistic method of
reasoning with uncertain information was investigated. This method provides the probabilities of each
angle based on Bayes’ Theorem. The proposed method is able to estimate the angle of arrival of the
electromagnetic waves.
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Table 1. Conditional probability table.
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Fig. 1. Bayesian Network.
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Fig. 2. Configuration of Bayesian Network.
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Table 2. Standard deviation.
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Fig. 3. Estimation procedure.
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3 P(T13)Angle) chl, node:T1;
Table 3. Conditional probability table: P(T1s|Angle) (chl, node:T1,).

Angle[deg] 0 1 68 69 70 71 72 73 74 75 76
T1s(0n) 0 0 0 0.04396 | 0.10078 | 0.20888 | 0.38470 | 0.59804 | 0.78055 | 0.89519 | 0.91885
T1s(off) 1 1 1 0.95604 | 0.89922 | 0.79112 | 0.61530 | 0.40196 | 0.21945 | 0.10481 | 0.08115

Angle[deg] 77 78 79 80 81 82 83 84 85 179 180
Tls(on) | 0.91223 | 0.81057 | 0.63714 | 0.41804 | 0.22664 | 0.10656 | 0.04450 0 0 0 0
T1(off) | 0.08777 | 0.18943 | 0.36286 | 0.58196 | 0.77336 | 0.89344 | 0.95550 1 1 1 1

T1; means the time delay is Ts(Sampling time)>(3-1) at chl.

4 P(T14Angle) chl, node:T1,
Table 4. Conditional probability table: P(T14Angle) (chl, node:T1,).

Angle[deg] 0 1 59 60 61 62 63 64 65 66 67
T1,(on) 0 0 0 0.03022 | 0.03136 | 0.06903 | 0.14550 | 0.27751 | 0.46596 | 0.66615 | 0.82119
T1,(off) 1 1 1 0.96978 | 0.96864 | 0.93097 | 0.85450 | 0.72249 | 0.53404 | 0.33386 | 0.17881

Angle[deg] 68 69 70 71 72 73 74 75 76 77 180
Tl,(on) | 0.91406 | 0.91896 | 0.89922 | 0.79112 | 0.61530 | 0.40196 | 0.21945 | 0.10481 | 0.04462 0 0
T1,(off) | 0.08594 | 0.08104 | 0.10078 | 0.20888 | 0.38470 | 0.59804 | 0.78055 | 0.89519 | 0.95538 1 1

T1, means the time delay is Ts(Sampling time) >< (4-1) at ch1.
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Fig. 7. Angle of arrival estimation(Threshold value:1.2V).
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Fig. 9. Estimation error.

Volt AC Circuit
Needle-Plane Capacitor Rectifier Transformer Slider — Breaker
Electrode

%—

AC

©

10

Fig. 10. The circuit of generating partial discharge.
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Fig. 11. Experimental environment.
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13. Inference results for the arrival angle.
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