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Research on Prediction of Virtual Impedance in Low-voltage
Microgrid Based on Partial Least Squares Regression

QIAO Jinpeng
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Huainan 232001, China)

Abstract: When the improved droop control based on virtual impedance is adopted in island microgrid, the problem
of inaccurate distribution of reactive power and reactive power circulation will still occur with the changing line impedance
due to the fixed value of virtual impedance. To solve this problem, a virtual impedance prediction model based on partial
least squares regression (PLSR) is proposed, which uses the line impedance value and the system impedance value before
compensation to predict the virtual impedance value and realizes the adaptive virtual impedance, thus overcoming the
problem in the improved droop control based on virtual impedance. There is no need to detect the real-time power value
and circulation value, and the use of communication network is not required. Furthermore, from a comparison with the
prediction results obtained by neural network models, it is proved that the prediction accuracy of the virtual impedance
prediction model based on PLSR is better. At last, a simulation system of microgrid is constructed in MATLAB/Simulink
to verify the adaptive virtual impedance, and simulation results show the superiority of the proposed model.
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Fig. 2 Control block diagram of inverter with virtual impedance control loop
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X1 x2 X3 X4 x5 X6 x7 xs ¥ » »3 V4
Ru/ Xui/ Ruo/ Xio/ LG+ L Ga- |Gzt - |Gz2 - Rv/  Xu/ Ro/ X/
Q Q Q Q (Jo,) /1) (Jo,) /1) (jo,) I (jo,) I Q Q Q Q




45 6 101 TR : ST G/ I 37 1 1 . 0 A0 B T 145
%2 HERERERE
Tab. 2 Sample data of the same capacity

Fe x X2 X3 X4 X5 X6 X7 X3 i 2 3 V4
1 03852 0.0498 03852 0.0498 657363 65.7363 14236 14236 02800 0.1438 02800 0.1438
2 03852 0.0498 0.8988 0.1162 657363 51.1556 14236 17516 0.6336 0.7332 0.1200 0.6668
3 0.0642 0.0083 0.8988 0.1162 78.1327 51.1556 12838 1.7516 09546 0.7747 0.1200 0.666 8
4 0.1926 0.0249 0.1284 0.0166 728672 754514 13320 13065 0.2958 -0.1259 0.3600 -0.1176
5 05778 00747 02568 0.0332 595496 703850 1.5344 13601 -0.0010 -0.0284 0.3200 0.0131
6 07704 0.0996 03852 0.0498 542485 65.7363 1.6605 14236 -0.1052 0.0940 02800 0.1438
7 02568 0.0332 09630 0.1245 703850 49.7287 13601 1.7989 0.8062 0.8234 0.1000 0.7321
8 0.7062 0.0913 0.1926 0.0249 559231 728672 1.6170 13320 -0.1736 -0.1187 0.3400 -0.0523
9 04494 0.0581 0.7704 0.0996 63.5706 54.2485 1.4586 1.6605 04810 05775 0.1600 0.5360
10 0.6420 0.0830 0.5136 0.0664 57.6888 61.5091 15749 14955 0.1116 02580 0.2400 0.2746
11 09630 0.1245 03210 0.0415 49.7287 68.0077 1.7989 13907 -0.3420 -0.0045 03000 0.0785
12 05136 0.0664 0.1284 0.0166 61.5091 754514 14955 13065 -0.0252 -0.1674 03600 -0.1176
13 0.7704 0.0996 0.1926 0.0249 54.2485 728672 1.6605 13320 -0.2378 -0.1270 0.3400 -0.0523
14 03852 0.0498 0.1284 0.0166 657363 754514 14236 13065 0.1032 -0.1508 0.3600 -0.1176
15 0.0642 0.0083 03852 0.0498 78.1327 657363 12838 14236 0.6010 0.1853 0.2800 0.1438
16 0.0642 0.0083 0.8346 0.1079 781327 52.6608 12838 1.7054 09104 0.7010 0.1400 0.601 4
17 0.7062 0.0913 0.0642 0.0083 559231 78.1327 1.6170 12838 -0.2620 -0.2660 0.3800 -0.1830
18 0.8346 0.1079 0.5136 0.0664 52.6608 61.5091 1.7054 14955 -0.0810 0.2331 02400 0.2746
19 0.1284 0.0166 0.1926 0.0249 754514 728672 13065 13320 04042 -0.0440 03400 -0.0523
20 0.5778 0.0747 0.7704 0.0996 59.5496 542485 1.5344 1.6605 03526 05609 0.1600 0.5360
21 0.0642 0.0083 03210 0.0415 781327 68.0077 12838 13907 0.5568 0.1117 0.3000 0.0785
22 0.1284 0.0166 0.5136 0.0664 754514 615091 13065 14955 0.6252 03244 02400 0.2746
23 0.6420 0.0830 0.3210 0.0415 57.6888 68.0077 1.5749 13907 -0.0210 0.0370 0.3000 0.0785
24 03210 00415 0.8346 0.1079 68.0077 526608 1.3907 1.7054 0.6536 0.6678 0.1400 0.601 4
25 0.3852 0.0498 0.9630 0.1245 65.7363 49.7287 14236 17989 0.6778 0.8068 0.1000 0.732 1
26 0.5136 0.0664 0.2568 0.0332 61.5091 703850 1.4955 13601 0.0632 -0.0201 0.3200 0.0131
27 03210 0.0415 0.8988 0.1162 68.0077 51.1556 13907 1.7516 0.6978 0.7415 0.1200 0.666 8
28 0.7062 0.0913 0.3210 0.0415 559231 68.0077 1.6170 13907 -0.0852 0.0287 0.3000 0.0785
29 0.7704 0.0996 0.5136 0.0664 542485 615091 1.6605 14955 -0.0168 02414 02400 0.2746
30 09630 0.1245 0.0642 0.0083 49.7287 78.1327 1.7989 1.2838 -0.5188 -0.2992 0.3800 -0.1830
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Tab. 3 Cross validity test results
FSr XIHERL i RERE XA R R RE AN RIS UAT R
Compl 0.877 845 0.877 845 0.867 772 0.867 772
Comp2 0.122 152 0.999 997 0.999 958 0.999 995
Comp3 2.127 55x10°° 0.999 999 0.575 664 0.999 998
Comp4 6.337 17x10-8 0.999 999 -0.111 784 0.999 997
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Tab. 4 Cross validity test results with different

sample lengths
FEA K I XA RNE
154 8 0.090 075 0
20 4 4 -0.111 7840
254 4 —0.082 741 8
30 H 4 -0.145 1370
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