$54% 5571 W RERY S EH Vol.54 No.7
2026 4 A1 H Power System Protection and Control Apr. 1, 2026

DOI: 10.19783/j.cnki.pspc.250930

ETHIREE AT R RE S XERGEMBUHEL A

Farfe ', RS, AFE, 2%, R¥L, ZEAS

(1. 7 R, P FRFTAE AN 8) At d, By, A& ST 524005; 2. AT KFANMLER, & M 510006)

WE: EPXIUE & T YA R ) R S 2t FONE R AEE R B, T B K3 i T AR 2 . 114
FTAEHE RSS2 — P T HE IR () v R R 6 KB IR AT H . B, RGME T
M) BV 2R 451 S A BEAL AR (A DG SR, 97 3%t S B R T I SCRARRAE o LR, W DUR B 0 FE 3R FHHL(light
gradient boosting machine, LightGBM) A% 0 I THE AL, SR A euist AR AL 592 (improved grey wolf optimizer,
IGWO)HATHSHF, DAIRFERI TR B . 5] N SHAP(shapley additive explanations) /5 % &0 S FFAEXT 11
HAEMITUER, BB E R SR AR AR SN BN E R T 8. &5, BT ELEXEEEER
SA B8R P 5 07 IR A B

KA AR BB EITE; LightGBM; IGWO; SHAP

Data-driven interpretable method for calculating theoretical line loss rate
in low-voltage distribution areas
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Abstract: To address the limitations of existing theoretical line loss rate calculation methods, namely, the low efficiency
and difficulty of online application in physics-based models, and the lack of interpretability in data-driven approaches that
hinders their engineering deployment, this paper proposes an data-driven interpretable method for calculating theoretical
line loss rates in low-voltage distribution areas. First, relevant literature on the physical mechanisms affecting theoretical
line loss rate is systematically reviewed, and key influencing features are identified. Second, a calculation model is
constructed with the light gradient boosting machine (LightGBM) as its core, and an improved grey wolf optimizer
(IGWO) is employed for hyperparameter optimization to enhance model accuracy. Furthermore, the shapley additive
explanations (SHAP) method is introduced to quantify the contribution of each feature to the calculated results, thereby
revealing whether the model’s decision logic aligns with the underlying physical mechanisms of line losses. Finally, case
studies based on real-world distribution area datasets demonstrate the effectiveness of the proposed method.
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