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A methodology of computing sensitivity of distribution system reliability with
respect to driving factors based on a BP neural network

TIAN Hongxun', WANG Honggang', WAN Tao?, WANG Yue®, LI Haosong?, LI Jin%, KANG Taifeng®, WANG Ting’
(1. State Grid Corporation of China, Beijing 100031, China; 2. State Grid Information & Telecommunication Accenture
Information Technology Co., Ltd., Beijing 100761, China; 3. School of Information and Electrical Engineering,
China Agricultural University, Beijing 100083, China)

Abstract: Progressively incentivized by the deregulation of electricity market and injection requirement of renewable
energy generations into power grids, configurations of contemporary power systems are under fast evolving. As a
consequence, the traditional power system reliability evaluation methods, which basically require sufficient statistical
samples from relatively stable system configuration, are difficult, if not impossible, to validate effective when applied to
evaluating a fast evolving system. On the basis of a given back propagation neural artificial network, this paper proposes a
methodology of computing sensitivity of a certain index with respect to an involved factor. The proposed method, by
establishing a concept of “neuron link™ a priori, derives the analytical expression of sensitivity of an index with respect to
a driving factor, and then derives the sensitivity of any index with respect to any driving factor with full consideration of
all the neuron links. Through case studies based on field records and taking the index of total customer outage hours
(TOH) for instance, it is validated that the method is able to correctly classify any driving factor into either the beneficial
or the detrimental, and is also able to quantitatively rank the indices falling into an identical category as per their
sensitivity contributions to the TOH.
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Fig. 1 Schematic depiction of an ANN
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Table 1 Typical transfer functions of artificial neural networks
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Fig. 2 Schematic depiction of an ANN model
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Table 3 Historical records of the yearly TOH and the affecting factors of ten distribution systems
EikE EASEYSE LTS 1 2 3 4 5 6 7 8 32 33
Fl A] SR LA /% 2679 4894  50.71 95.84 4493 6244 4832 4056  46.08  39.88
F2 A GG LU/ % 5757 8994 7335 97.3 7136  69.51 59.63 81.13  79.72  76.28
F3 A BOPI P (AN 5 B 11.2 436 4.65 5.02 10.03 7.54 9.61 6.99 3.71 4.18
F4 I £ LLAsl/% 0.92 1.57 2.06 2.58 1.09 1.82 0.98 1.29 1.62 1.43
F5 I3 B SR e p.u. 1.07 1.8 2.12 3.63 1.59 1.86 1.75 1.32 1.85 1.7
F6 R/ % 73.33 39.41 4841 33.67 5126 5251 56.83 4296  41.13  43.68
1l TOH 3.11 1.66 1.58 0.91 2.01 1.55 1.97 220 1.73 1.88
F 4 12 BP #EZ M4 TOH REUE SR
Table 4 Sensitivity results of the TOH of type-I text BP neural network
RGwT ] LR L A% L) AL BOF I R # T2 2k L) Iy B S B B LY SRR AL
1 -0.039 13 0.017 476 0.058 024 -0.9489 -0.314 85 0.004 191
2 -0.019 48 0.008 176 0.021 429 -0.2756 -0.059 86 0.007 099
3 -0.017 58 0.009 958 0.023 345 -0.33276 -0.060 82 0.007 095
4 -0.010 71 0.009 886 0.025 438 -0.386 75 -0.065 37 0.008 246
5 -0.025 28 0.009 368 0.025 787 -0.364 61 -0.118 67 0.005 369
6 -0.007 41 0.008 906 0.019 611 -0.330 31 -0.066 87 0.005 499
7 -0.020 37 0.009 387 0.020 382 -0.31129 -0.087 16 0.004 556
8 -0.022 33 0.008 947 0.027 028 -0.380 76 -0.117 42 0.006 231
32 -0.020 93 0.008 957 0.022 891 -0.2942 -0.064 26 0.007 491
33 -0.019 72 0.008 615 0.022 77 -0.302 53 -0.059 38 0.006 657
F 5 11 EiK BP M4 TOH REELER
Table 5 Sensitivity results of the TOH of type-II text BP neural network
RS A i ARk L 1] YLk ek Ll A BCTS R P B I 2 Ll Iy Br S R A LG SRR IR AL
1 -0.039 93 0.021 064 0.060 375 -1.018 61 -0.302 89 0.005 323
2 -0.020 85 0.010 293 0.022 607 -0.271 75 -0.055 29 0.011 024
3 -0.020 51 0.011 958 0.025 577 -0.319 93 -0.0482 0.009 563
4 -0.014 32 0.011 859 0.027 914 -0.386 69 -0.041 83 0.011 049
5 -0.025 25 0.011 931 0.023 -0.3642 -0.0819 0.008 351
6 -0.006 94 0.011213 0.019 939 -0.327 23 -0.073 27 0.007 54
7 -0.021 21 0.012 144 0.018 414 -0.322 91 -0.057 45 0.006 911
8 -0.022 34 0.010 71 0.024 306 -0.347 -0.088 17 0.009 588
32 -0.022 54 0.010 96 0.025 311 -0.285 91 -0.056 39 0.010 986
33 -0.020 72 0.010 581 0.024 -0.289 77 -0.040 65 0.009 972
F 6 111 EIX BP MR TOH REE LR
Table 6 Sensitivity results of the TOH of type-III text BP neural network
ARG T WA L] AR P BCE S BRER AL Iy B S R B L AR AL
1 -0.040 82 0.026 118 0.061 184 -1.015 66 -0.2776 0.007 925
2 -0.022 0.011 275 0.024 336 -0.279 83 -0.014 77 0.012 569
3 -0.022 24 0.012 634 0.029 687 -0.314 76 -0.027 91 0.010 201
4 -0.017 85 0.012 854 0.029 425 -0.3891 -0.033 23 0.012218
5 -0.025 97 0.014 285 0.021 56 -0.386 48 -0.037 34 0.011 248
6 -0.007 02 0.012 972 0.021 42 -0.3284 -0.032 01 0.009 275
7 -0.022 14 0.014 645 0.015 05 -0.3425 -0.020 53 0.008 995
8 -0.024 59 0.012 303 0.023 33 -0.347 14 -0.020 63 0.012 066
32 -0.0238 0.011 914 0.028 819 -0.289 85 -0.0169 0.012 166
33 -0.021 57 0.011 942 0.027 486 -0.292 38 -0.001 15 0.011 429
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