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Distributed Photovoltaic Data Compression Algorithm Based on Boundary
Feature Identification and K-Dimensional Tree Optimization

SHI Zhan', FU Jiajia', KANG Zhongmiao', LIANG Yutu', ZHANG Zhongyu*, WANG Lihui’
(1. Guangdong Power Grid Co., Ltd., Guangzhou, 510600, China;
2. School of Instrument Science and Engineering, Southeast University, Nanjing, 210096, China)

Abstract: A data compression collaborative algorithm that integrates transmission optimization and delay control was proposed
to address the data dimension explosion and complexity increase caused by the large-scale grid connection of distributed photovolta-
ic systems. Firstly, based on the theory of decision boundary sensitivity, an optimization framework for minimizing total delay was
constructed, and an enhanced inter-class boundary preservation algorithm (EIPB) was proposed to reduce the amount of transmitted
data by dynamically maintaining key instances of decision boundaries. Secondly, the traditional distance instance selection method
was improved by proposing an enhanced instance selection algorithm (EIS) based on K-dimensional tree (KD-Tree) spatial partition-
ing, which utilized nearest neighbor search acceleration technology to enhance instance selection efficiency. Then, a dynamic error
allocation sector lossless compression algorithm (DEASC) was proposed, which achieved collaborative optimization of compression
efficiency and fidelity through adaptive slope constraints and multi-stage entropy encoding. Experimental verification showed that
the EIPB-EIS joint algorithm improved the average compression ratio to 7.8 compared to traditional methods, reduced the root mean
square error of reconstruction percentage to 0.51%, and reduced transmission delay by 62.7%, effectively solving the problem of effi-
cient transmission and accurate reconstruction of high-dimensional photovoltaic data.
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Table 2 Comparison of data compression rates (%) (sorted in
ascending order of mean, with smaller values being

better)

Algorithm  Mean D1 D2 D3 D4 D5
CNN 0.0983 0.0175 0.1100 0.0384 0.0715 0.0194

EIS1 0.2019 0.0087 0.3547 0.1609 03112 0.1591
DIS1 0.2236 0.0809 03640 0.1650 03051 0.2217
EIPB1 0.2313 0.1458 04045 0.1682 03116 0.2148

IBP1 02431 0.1458 04161 0.1724 03053 0.2555
EIS1,2
EIPBI1,2

NM3 0.3207 05109 0.1291 0.0449 0.3310 0.2317

0.3056 0.0080 0.3947 0.2569 0.5167 0.269 2
0.3138 0.0000 04363 0.2592 05167 0.2911

DIS1,2 03451 0.0729 0.3947 0.2725 0.5083 0.4279
IBP1,2 03452 0.0233 0.4329 0.2731 0.5083 0.4302
EIS1,2,3 03759 0.0073 0.4034 03122 0.6485 0.3578

EIPB1,2,3 0.3819 0.0000 04433 0.3131
DIS1,2,3
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0SS 0.6086 04206 0.7176 0.8218 0.7844 0.3781

0.6485 0.3667
04199 0.0649 03953 03340 0.6360 0.5788
04230 0.0496 04334 03340 0.6360 0.5788

NM1 0.666 6 0.8892 0.1505 0.0553 0.9542 09858
IHT 0.7580 0.8921 03756 0.1689 0.9556 0.9867
NCR 0.8844 09985 0.8438 0.9620 0.9590 0.9886
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Table 3 Comparison of running time (s) (sorted in ascending order of mean, the smaller the value, the better)
Algorithm Mean D1 D2 D3 D4 D5
NM1 0.217 6 0.0157 0.026 4 0.1772 0.661 8 03350
TL 0.224 0 0.010 1 0.014 3 0.4157 0.584 8 0.1372
0SS 0.782 0 0.082 3 0.1179 0.947 5 2.047 1 09138
ENN 0.9322 0.090 1 0.129 6 1.701 4 2.733 4 0.871 4
NCR 0.949 9 0.126 9 0.1395 0.9399 2.7570 1.044 2
HT 1.930 4 0.243 1 0.2325 5.7133 2.864 4 1.388 7
EIS3 2.2551 0.067 3 0.060 0 5.5411 39314 3.87917
EIPB3 2.2580 0.068 1 0.060 8 55436 3.940 1 3.8842
EIS2 3.198 6 0.067 1 0.063 5 8.6132 6.9170 5.0151
EIPB2 3.201 2 0.067 8 0.064 3 8.6150 6.925 6 5.018 1
EIS1 4.5557 0.078 6 0.104 7 10.188 1 12.510 5 7.2013
EIPB1 4.5577 0.079 3 0.105 6 10.189 8 12.516 3 7.203 7
DIS3 68.158 3 0.612 1 0.1179 54.992 4 262.792 6 352512
IBP3 68.161 2 0.612 8 0.118 8 54.994 5 262.801 7 35.2550
CNN 84.1355 4.014 8 9.617 4 116.067 8 154.872 2 29.2342
DIS2 113.726 3 0.736 6 0.2653 101.608 8 530.278 4 65.490 9
IBP2 113.728 9 0.737 3 0.266 1 101.610 6 530.286 6 65.494 6
DIS1 221.974 0 1.680 0 2.4917 184.048 5 1205.309 123.500
IBP1 221.976 1 1.680 6 2.492°5 184.050 0 1205315 123.503
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Fig. 4 Relationship diagram between residual error and

lossless compression ratio
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Table 4 Comparison of compression performance of distributed

photovoltaic dataset

RMSE PRD Lossy CR  Lossless CR
D1 44213 0.476 14 9.433 4 22212
D2 44231 0.477 28 9.554 6 22157
D3 4.537 0.512 44 9.640 6 22251
D4 4.813 0.55021 7.660 8 2.106 1
D5 4.578 0.534 28 7.5377 2.116 1
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Table 5 Comparison of running time of various algorithms (s)

Bk Mean D1 D2 D3 D4 D5

EIS 0.0786  0.075 0.080  0.081 0.079  0.078
EIPB 0.079 3 0.076 0.082  0.083  0.080 0.076
DEASC  0.0012 0.001 0.001  0.001  0.002  0.001
DIS 1.6800 1.650 1.700  1.720  1.690  1.660
IBP 1.680 6 1.655 1.710  1.725 1.695 1.658
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Table 6 Comparison of the performance of the algorithm proposed in this article with other compression algorithms
(ER7S LossyCR LosslessCR PRD RMSE
L 5L 53 17.44 0.476 14 0.8-2 0.914
DCT £ 45 27.90 0.477 28 2.93 0.571
PR 2% 18.27 1.17 0.914
SPIHT (S 24 5 #153.13%) 8.40 6.58 0.646
Cubic Hermitian( = YR8 KA (E) 2-6.6 0.9-9.6 0.716
Burrows-Wheeler 3.07 - 0.651
JODC Scheme(I & 1538 43t 5 it J5 58) - 228 - 0.452
AER G 7.8 2.11 0.51 0.318
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