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Al phase recognition improves load management efficiency

Qian Han
State Grid Xiaogan Power Supply Company, Xiaogan, Hubei, 432000, China

Abstract

To address challenges in distribution network management such as low-efficiency phase identification for low-voltage users and
power supply reliability issues caused by three-phase imbalance leading to increased line losses, this paper proposes an Al-based
phase recognition solution for low-voltage users based on the practical experience of Xiaogan Power Supply Company. The solution
utilizes a data platform and measurement center to collect current, voltage, and power data from distribution transformers and low-
voltage users at 15-minute intervals. A convolutional neural network (CNN) model with input layers, convolutional layers, pooling
layers, fully connected layers, and output layers is constructed. Through cross-entropy loss function training (with 84 transformer
districts and 504 samples achieving 100% accuracy after training), combined with power data-assisted verification (error <2%
indicates correct judgment), precise phase recognition is achieved.

Keywords
Al phase recognition; Convolutional neural network; Low-voltage users; Three-phase imbalance; Load management; Distribution
network management

%l

Al FBELR AR F A far B IR R BE

T
2R N E], R E - IR 2 432000
=

AE B B P AR R A P AR IR AR AL . AARIKT, AAZAARPHF AR TER TR, 2B/ EAFEE, AL
VAZE B N3] TR A A, RIBATATHRGRER P AR T £, A7 ERIEHBEF S HEN P, RS54 H
MR ERTAKERFOER, BE, HEHE, HECSEANE, ERE. LB, A%EEAM BN ERMER
% (CNN) A, @8 X XHRE BHI % (8446 K5045H AN 46 EAFIE 100% ) , 6 RRBHMIIE (R £
2% FIRIEH ) KIARSLAEAIRA

ES |
AIFBIEIR A ; BRAPZ ML, IKER P, ZMRTH; AFER,; BRNER

18 B, SRS TR, STHLEIRAAT Rt AT
SR TR R AR R A SRR ot e | VR, B A TEREAREIERA], TR T
L T b S s B, 5T IR AURELRBU, R R
TR F BT RS, At AT s 0 DR, PRI R R
FIP BRI IR, (EF P 2 ik
ANLIGGE , SAMEGNEUAIER, LIRESAER g ey i st s — ARSI
HRCHIET, SRl FmR R ORI g e pmppmenss, B0, DL 15 S8R
BRI, BB o T o E R RIS R o o

ST, AR A RS . P g, 3
SRR, IR T SR B R PR PR o ) %‘;%m;o R -
AL S 2 TR PR PR T, MR A e ]
FLAPRIRR A P =AREE B A5 SR L (IRF S50 PR Z5 )0 4% ( Convolutional Neural Network, CNN ) %} F -

R R TR It . IEsahiain I

[EEBN] &FF (1983-) , 5, PEBILERA, K
&, TiEm, MBIERARZWHAR.

61



FEEMNES5TEMR -$£06%5 - F 091 - 2025 £ 09 A

Hidden Outputs
units Softmax
3

maps
BAETx24 2304

HENERSmAE, =MEHE (7 LEPERE
SRR ) |, BRI mEE . sy
B — R I E TN

fa AJZ (Input Layer): fay AJZ WA g =8 dE, H
FUHFALR A 30 x 96 FYFEMEHRIE T AUH—Lb s, HeEHt
PSS RGN —EmE Tt UIGRET, Al MamA
D EMEENERTR, EIKEEIRIEOR, —Mael
PART— 2 -1, 1] XAl AT

L) — Tmin

—1
Lmar — Lmin

A & AH—UEREGE ; Lo VEHREYE; Tmaz
HNFIEESER KN ; Tmin VEIRETERME.

512 (Convolutional Layer): ZFRE 181 N HEFIZ K
TERUG ABIRNREEE, RASHEALEN SR, WL TH
s, MImED T EATIXES. 5—AEH
FEiRE S E T SR, TR ASGERORTE. —4:
HRUTE AR

s(i, ) = (X * W)(5,5) = D D (i +m,j +n)uw(m,n)

X Al AFERE , W 24 m*n (9EFUAZ ERR:

HRUZ M5 S H ReLU LR, ReLU i RE S
SRR, BB SRR R, SEELAN 0, B
2N 1o THERER, AR R e st Kk,
VNIRRT RENS RIE N0 . FerFahNan T

f(z) = maz(0, X)

H 7 RS R

Relu a

z, 220
a ={
0, 7==0

F4

O

HAYE (Pooling Layer): jthfbZ F T4 5 R = A% H 7k
Fofeede | SN REE, DR, RIS R SRR
IKWFR KRN, B RN 2%2, THE S TRl &

62

FPARER SRS, REIEIEA PSR T E D
RN
1|12 )4
S| 6|78 3653
3(2|11,0 - 2 | 2
1123 |4

4% = (Fully Connected Layer): 423 %22 H 1080 />
RFIAARETOARL , BRI R AR E o T A L2,
G 5L IO R, RE (R i) | WE (H
8) M BadeREr (4BlEM) , Rt 081 1. BN RRAIZS A
LTCHISERTAT

@iwz

w3
@ s=
BA o

EE

0

ELEEE Hith

sigmoid

m
Yy = sigmoid(z wjz; +b)
j=1

sigmoid JIERREL :
B 1
C14e®

FrtH 2 (Output Layer): St E# A Softmax i pREL,
T 3 2850, IR A P EERE T ABC =41
R

Softmax [B]JHRRELRENS K H R (b A 22285 IR 5>
i, SRR O SR BN EWAN S TR, ol AL
WEHAT ORI, GEENEZANRBINDR(ESS. HAE
BERE RPE B L EE B RIFIOMMERT, BRIT RS0
e e

ARG UNCW/INNE

stgmoid(x)

e’

Z?:n er
BRI Y=[y0,y1,y2],y0 R EHIEET A 48
AOMERAE yl ZoREESEE T B AR M y2 FoREE
FEIET C HIMER (.
IR EIGR, SRR XU RER, 32 S K 1

Y (z;) = softmazx(z;) =



