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Abstract: The data-driven distribution network state estimation algorithm has shortcomings such as poor physical inter-
pretability, low estimation accuracy under small samples, and poor convergence performance. Therefore, this paper
proposes a distribution network state estimation method that integrates physical information and the GraphSAGE model.
Firstly, in view of the characteristic that the line parameters of the distribution network play a decisive role in the voltage
amplitude and phase, multi-dimensional edge feature information is integrated in the process of node feature aggregation
to enhance the model’s ability to represent the characteristics of the power grid. Secondly, combined with the multi-head
graph attention mechanism, the importance weights of different neighboring nodes are dynamically allocated,which can
not only focus on more important nodes during node sampling to improve the training efficiency of the model, but also
enable the model to rely on the limitations of the fixed adjacency matrix. Furthermore, physical constraints are embedded
into the GraphSAGE model, and the model is forced to follow physical laws during the training process, which improves
the interpretability and convergence speed of the model. Finally, simulation experiments were carried out in the
IEEE 118-node distribution network system and compared with other neural network algorithms. The results show that
this algorithm has better estimation effects in large-scale distribution networks and small samples.
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5954 GraphSAGE SUykBEal b, @ik 40 Aok
FERENE, FENG LRI A AURFIE SR & BT SRR E |y )
B 3ok AT 2 3 R RFAIE SR B R AN 22 Skvd i R A3 Iie
P, AR AT R T S B, S ECRE, ik
WA 72 BG5S A 04 o5 S i b e
I E B A, & TS s
5, RIS T RIS &5 3 S ss )
R, UWTITSCERBOU NS, A ST SIERE B
HIAL, fHiHREMEEsIE 3%LLA, 57 a4
ZAE 2N, BHEHAN 3 RO B

R3O MNREAR AR

Table 3  Loss rate and accuracy of test set

HR A MRREERR /% WA REFE /%
GCN 6.37 93.63
GraphSAGE 5.86 94.14
AR 3.44 96.56
GAT 5.74 94.26
GIN 8.53 91.47

R4 AFHEFEATT SR TRIE FE H
Table 4 Comparison of the prediction accuracy of each model

under different numbers of samples

AN FEVREAKC BT, BE /%

ik
200 400 600 800
ASCE: 93.45 94.87 95.42 96.63
GCN 85.87 88.23 90.65 92.85
GAT 86.76 89.62 91.94 93.39
GraphSAGE 90.52 92.03 93.34 95.26

RS WM

Table 5 Topological time-varying conditions

FiF ¥ B T RN
1~20 I 1. 3CB% 5-6 WigF
21~40 i 2. 3% 32-33 i IF
41~60 dh 3. L% 55-56 Wit
61-80 i 4: S 2-40 K 26-27. ik 41-42 FISE R
78-79 WiJt

% 6 IEEE 118 %5 i dfi#hm 22 F HL I g E il iH iR 22

Table 6 Voltage amplitude estimation error of time-varying

topology of IEEE 118 nodes

9 R IR T AR R ZE /%

ik W1 b2 I3 Jid4
iy & 87 03707 03898 0.368 6 0.4179
WLS 6.1068 63384 58934 98459
GCN 47683 46824 42478  7.8467
GraphSAGE 21637 21712 21653 21897
PINN 1.4573 16256 17294  3.5279
DeepPhy 13672 17692 15458 29595

227 IEEE 118 45 SN A8 T o FEA £ i p5

Table 7 Voltage phase angle estimation error of time-varying

topology of IEEE 118 nodes

9 5 H AR AT AR R IR 22/ %

ik WL g2 dEHh 3 ddh e
PN G AT 0.3914 0.407 3 04123 0.4212
WLS 6.045 4 6.234 6 6.1841  10.8536
GCN 48536 46339 46195 6.837 6
GraphSAGE 21732 21846 21693 22368
PINN 1.546 4 1.667 4 13636 3.5553
DeepPhy 1.494 3 17852 1.763 6 34831
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AL DA SC R IR e o
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& GRS Al T 77 72 2 T ET L R 1R I AR AR
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Fig.6 Voltage amplitude estimation under non-Gaussian noise
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Fig.7 Voltage phase angle estimation under non-Gaussian

noise

8 AFrm R s T R AN A ARG
Table 8 Estimation accuracy of voltage amplitude and phase

angle under non-Gaussian noise

ik MR P35 RN R 22/ % AP AR 2%
ARIE 03556 0.5259

GCN 50732 63433

PINN 0.893 1 1.466 7

K9 FARGEEMIN AT (] LR
Table 9 Comparison of estimated time in the complete

topology of each system

S TR s —
GCN GraphSAGE PINN AR
IEEE 118 0.008 1 0.014 5 0.0128 0.014 3
IEEE 300 0.060 2 0.0173 0.045 5 0.017 7
IEEE 2786 0.696 3 0.043 4 0.389 7 0.0217
IEEE 8449 49479 0.088 0 2.1375 0.037 8
IEEE 13984 10.769 5 0.163 9 71829 0.047 3

THECE AR A L, SR T AR R S A S
M GraphSAGE A8 (e H AR A 1775 L
MR SO EXH, BRI TS5

1) GraphSAGE BERYHT fORFEAT R E R &
Ji5 GON BAIAR, @B I REEWEREL,
RE A T2 21 IR J= B A0 A2 R, S E P X 4 41 AR
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2) Y35 B Rt N GraphSAGE FiRY, ffiH4h 3
FEINFF G ISR R, 29 R T ) 55 5w
BEEEDTHR, 7R Z e s 7B S, nlfE
PERATfREREVE. Ak, PR AE IRt FE R
PaaCIE eI, — @R LoRAh T/NEARSHE A 2
[IREE, PRGN IGRELR, AT o0 .

3) AR SCAR A AR TC FEL X P R B LR BR A
R TR0 P L P IR S A T HEE R, AR AT
PR S B AT 10 -5 R SR e s T I R

4) AP VAL B AT R IR A A T B
RN R, 518 WLS kM, 7EfR
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