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Topology identification method for multi-ring distribution networks based on deep
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Abstract: In response to the problem of topological identification for multi-ring power distribution networks and
considering the possibility of partial loss of measurement information, a method for topological identification of
multi-ring power distribution networks based on deep neural networks and Euclidean distance is proposed. First, the
limitations of the traditional topological identification method using correlation judgment in ring-shaped power
distribution networks are analyzed. Based on this, a topological identification criterion based on Euclidean distance is
proposed. Then, to address the issue of topological identification of multi-ring networks with missing measurement
information, a method combing deep neural networks with the Euclidean distance criteria is proposed. Finally, a 32-node
“honeycomb” power grid model is built in Matlab using MatPower, and the accuracy of the method is verified under
different levels of missing measurement data. The results show that even with a large amount of missing measurement
data, the proposed method still maintains a high accuracy for topological identification.
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Table 1 Rated power output of each node in the topology of the

ring honeycomb distribution network

s BHINKW  TE/kvar | Y5 HINKW  Fh/kvar
2 100 60 18 90 40
3 90 40 19 90 40
4 120 80 20 90 40
5 60 30 21 90 40
6 60 20 22 90 40
7 200 100 23 =300 -150
8 200 100 24 420 200
9 60 20 25 420 200
10 60 20 26 60 25
11 45 30 27 60 25
12 60 35 28 60 20
13 60 35 29 =300 -150
14 120 80 30 =300 -150
15 60 10 31 150 70
16 -350 -150 32 210 100
17 60 20

B AR PR A, TR 164 194 29,
30 A AR HLE, 9-14. 11-15. 18-23. 21-25. 24-28
NEREAETTF % &1 AU DRk 1 s,

7E MatPower 1, K& 1 B8 2 IR H
W) 5 AN R BENLIT T 100 7%, BENLAERL T
100 FPdfidhaite . R —RMIRitgit T, gy
A 2 IR A T 2R A A0 Th e I L BE B
B, PIREAT 30 YA

PLAIWT BRI 2% 9-14 TR A, & —Fih
NGER R 30 YRR TS B, v A9 N N
14 W EAER R AL W 2 Fow.

1.00 %
X% X %
0.99 x&x * X xxOx XX)Q( XX X>S<XX s H
X o5 &% xgX ¥ o
098 © ®
. o ©O oo O co oo %
= o o o © Oo © o
"‘\% 0.97 - o o [oRre) o @
) o
K 096 ® 5 P
2 095} o
o © o o
0.94 10 o O JFlIF
0.93 x FFRMIE
o
0.92

0 10 20 30 40 50 60 70 80 90 100
ENEE N
B 2 IFREMARFRIMER TR 9 FIT R 14 BB EEXRY
Fig. 2 Voltage correlation coefficients of nodes 9 and 14

in different topologies of ring power network

Kl 2 R, IR E BRI S W B3 T A
FLRREE I oSN FEL R A 56 RAGER AR 1, 7£(0.92,1)
Yo R T SRAR S, 1 A > EEAE T R W I
FHIG R B R T BRI o0 P & B (PR 20 R 40 R
AR ST 28 T 5 R I 71 B R D% R B0 /N>R T
BRES T SR A e 2= AT RS 157

T LABRER T 5% 9-14 FFWNHBI, TR —Fpinhas
FITRAIH 30 B TSR EAE , THET A9 RN AR
14 P ERRCEE RS, WK 3 Frs.

0111
0.10f © © e

[e]
o0
[e]

(o) o (o]
009l © o ? % °
0.08}
@ o o (o)
007p 0 @ ®, o © g0 @o
0.06]

B R PR 12

0.05F

0.041
X X
003 [ X X XK oK x

0.02

0 10 20 30 40 50 60 70 80 90 100
ENEECEIN
3 IMREMARHRIMERTI R 9 FTIm 14 KB ERKIERS
Fig. 3 Voltage Euclidean distance of nodes 9 and 14

in different topology of ring network

MRYEE 3 AT DUE AT O P A i g R R
B LEBREE FF e W iy B /), i HA B R X . 2,
Bl 3R, G FHRECH, 3 A R R B4
9 W e 28 FF T BT () A 3 B R ]
1.3 [EEBARIFRIAINEHFHEE S

TESERRE ) R GeH,  Hr mil2 B B0l (5 m
IR A P iy =N 1767 N = RN R P N P Sy O S P
FAF BRI B N A E ISR . AR
FILEIE A BT B AR R0 B R — 2D TR AE B
%ﬁ%&%%%ﬁﬁ%%%ﬁ%o

2 ISR T O I A =S B, Blans
9. AT 14, TR 18, 1AL 23 EIIME BaE K, A
R A 13 AT AT 19 B9 H AR B PIBTR 2 I ¢
9-14 FIBZEFF 52 18-23 HIFFWIE ML, @il 4 Fior.

MRS TR 9-14 FHERZE T8 18-23 S A1,
FTA 13 AT AT 19 2 M AR EE R R, B EEEAR
KE2HU R, BRICEE SR/ MBI R 9-14 Al
18-23 —ANH & — Wi e, %ﬁlsﬁ%£19z
() () A PE GO, B A A O R A, RRIREE
SR YERZ TS 9-14 A1 18-23 MW P, A
B%hﬁﬂ9z@m% SEEE R, BPFEEMR R
BN, WREGHE 2 5 K.



FiE, 5%

T IR PSP 228 ) % R K PP T ) 22 P R R 9 P R T 1% - 127 -

Bl 4 BT 9. 14, 18, 23 EMEE M SINHEE A MFRTM
Fig. 4 Multi-ring cellular network topology of missing the

measurement information of nodes 9, 14, 18 and 23

A FS A 13 RIS A5 19 19 HE TR A 5% 2R B0k 4 iy
PR TT o0 9-14 FIBEZE o0 18-23 HIFF Wik, &
5 Ffi7so

1.00 -
0
O xxX Xox D W X0y Y o XXX
0.99;?)< 0)@ ’*xooxﬁ >§>(> xé?)(x x)2> X
09810 o , %o
L o oo ﬁo ] o o)
& 097 o o o o o
ﬁ 0.96] " ° °©
o
E 095} . o o ©
B 004l O 9-14I7F, 18-23W77F
Y 5 0 9-14i7F, 18-2307%
0.93f X 9-14[A4r, 18-231F
0ol O 9-14M4, 18230
o]
0.91

10 20 30 40 50 60 70 80 90 100
AFIHAME B
B 5 FREMARHRIMERT A 13 TR 198
BEHEXRY
Fig. 5 Voltage correlation coefficients of nodes 13 and 19

in different topologies of ring power network

B 5 228, AURIETT A 13 AT A 19 B AR S
REOVN, O NPT SR W o

A8 P 5013 F07T A 19 A H R IR 2R B S R AE
BRL TR 9-14 FIERZSTT 3¢ 18-23 [IFWrE I, Wil
6 FT7R o

B 6 B, iRde T B TF 5 I ) He 8
B, AU AL 13 A5 A 19 f H KR PR 28 T DL
XTEREETF 5% 9-14 FIERESTTOC 18-23 HIFF I if il it 47
HIWT o MRS TT O 9-14 FHIA IS, FIWTELLS ¢ 18-23
FRAS, 15 o5 H R A RGO BE B XA B 2, AT RE A
Wi, SRR AT DA N LAY s 2 8] g 0 B s ok

Al —NERE I REAT LR A W, LB e
IR 22 4 RR IR R B A5 5 R (A BB E% T SRS A a1
[, ] 2% R R PR P o 2] SR M 2 2 R i 5 L
A, I B RO SEEAN [R5 5 F S R P 1
ARG, IMTETHRES I A HER AT AT 52

0.10 S 5
® o © o o © ©
0.09F 5 5
oo O @
0.08F ©° o° o °
' 0.07F
=
24
g 0.06f ’ -
gﬂ; 0.05F 0 9-14W7F, 18-23WiH
0 9-148F, 18-23MI4
0.04 - x 9-14M145, 18-23WiHt
0 9-14M4, 1823114
0.03F o o x X ™ x x
X X % X XX xX X
ool 0 0 By %% oe%o @ 900"
) 10 20 30 40 50 60 70 8 90 100
ENGECEN A
B 6 IRRENFRIRIMER TS 13 F135:4 19 1
FERRRIE S

Fig. 6 Voltage Euclidean distance of nodes 13 and 19

in different topologies of ring power network
2 ETREMZMEHZIFAIMNER

MREES 1 oMol 0, FES RIS O &
DA 2B EOCT AT A e K QR B8 A5 AR L
UF RAFBRZE R HPIRAS . PRlitk, o AR A AN A5 A
FH, s 2 ) PR D P B B SR AIE i — N RS OIS R
fEfE . SERRHLPIZATH, 24 I e B A R
AR B 73 S B S BRI, H ] LA
FHARBRERT R A5 B REUK B R AR 4% T 5T W
PIRFAEAE, AH BRI X T A R 28 T S (R 2R AIE
RUEE AN B, AT SR PR BEA 22 00 2% 1) 7 ke A
TR bR i
2.1 REMEZMERRREN

TREEMZE M 2% (deep neural network, DNN)/Z i
FESE SR B R o), B 2 R 2 H B
W —M o JZ S . B— 205 2 A& @
), TR L6 2 AN IR S5 46 S VF X 28 H Bl R 27 =)
AR REHE . IRFEPI SRR A T H 2
JRIRI G5, X022 2 IR IR A 48 T0 HE B 25 1) A L g
e AT A PR BRI Ak R Bl 7 Jy DNN [k
LLERY A

Bl 7, x@(=12,m) NINZ, HEHEE
PENEN, BE— NN RO N T — MR R . A
SCHM P L D PR B R T AR A A R, BN T
RAS[ET AR 2 B K PR EE 25, SN2 1)/



-128 - B 2GRy 524

YT 0] DA B AN 5] 5 A 2 1 ) fE T D PG B 8 A
Mo a,(j=1,2,,n) M b (k=1,2,--,5) B
2, AR LA R U B AR AN R R
TCHIBCE AT IR, A B2 Al X 4% e i L 5
SR ), R — 2 AR A N AT — L G AN
BRI s R RFE . HERRE T 2K S 80T
ST THE SR ITR 2% DL A LA 1 i
zi(1=1,2,-,q) K h(z)(I =1,2,---,q) FHIHZ i
2 A B T AT Be BB R A s M B, b
z(I=1,2,-,q) A W % % ok B, h(z)(l =1,
2, -+, q) AU PR ER, B R B g A SR o6t N AR
NS RIIRER

h(z)

& be h(z)

h(z,)

5
infas)z=

Bl

Bz

[l 7 DNN fhaRIgEis
Fig. 7 Typical structure of DNN

2.2 REMEZEMERRIEEIE
T 1) % 9 2 e H P IR PR 2 M N 2 A% 34 3
iy th R I AE RN 45 SRl A . Ed R SR A
PCEFNSTE R, W28 Re 8 I T i i NS, 42
U NEARRHE, FF A i B8 . A i3k
HEFH B, FACR I T 2% (AL B AN S5
T 2%t H R BR R B gk AT e AL B, A
Min-Max JH—4b 77k, R a5 w3045 & 17
FEI([0,1]). fEBHNZE A5 X N
X=[x x - x,] 4)
KA x(=12-m) NERE MG T, 15E
53 H B AN R T FE R R IR EE B8 s m AN [R5 A1)
REA R BR GRS 0 . 6 X i — AN e R i@
KG)FEATIH AL HE.
oo NTmint) g (5)
max(X)—min(X)
AP min(X) R~ X /G ERE; max(X) A X
g KGR E: x A X TE—ERITER, Bk
BH — A5 A A 9
X' =[x x - x]" (6)

b, XA AL A -

JA — A Bt Kb PHURE R 6 B50aks o R M S 3
0, BORAEMLGS B 1, oA B 42 2R L 51 i Sf 21
[0 1]IX[E A o JH—At2— A NP EER,
B T e £ 0 4 1 kB e A R ME A S ZE 1
A, AT e A R P 1R REATZ AL g

FERT BRI R T, AR T —
JER T, SRz A TR AN R AT —
JERFRZE T R B AT IBCRA, - (7)) s

aj =f(za),-!jx;+(9j),j=1,2,"',n
i=1

b=fOQ wjsa; +0),k =125 @)
Jj=1

Z =f(20),:',,bk +0,’),Z=1,2,"‘,q

K o, NEERMNERE—ANRENRE; 9,
NHEHRE; o), WEEE AR —ANEE
HIBCEE; 6 WHME: of , NIEREE AN FRUZ 4
HZIIBCE: 6 NHARE: £ (x) RonBaUE s
PR, AR ReLU(Rectified Linear Unit), 1%ERECN
f(x) =max(0,x) ®)

Hrp, XITHA x, WH x KRTETE, Wi
H ) =x, BSHH f(x)=0. 5]\ ReLU ¥i&
PRECA DL L

1) FINARLEPEML S, 43128 0 2% R % 25 ) 1l
ROREMERPAIRBRR ., KBRS AR -
TR ZR ), MELLAUA SR ZRPE R R . 4%l IS ReLU
HHATAEG AR 4, W] DUSE A7 Mg & AR 2R R R o

2) SRARBHIENE J I8, ReLU WIS R ALTERIAN
RIERF BAATER 1 R EERE, EAFEBAILS
XA R T P N ST I AR R AR
Tob FE S0 IR R, A R TR 2 2% I I Rt Ad

3) Sl NFigitE, ReLU 7EMEGR T N,
RIEEIN T — 2 Mt . X Ffssite A Bh T
WX 2% 2 2 B BARRMEIRRAE, DA BB TURS
B, i s 2z e rkge.

a2 (P00 BR Ul SoftmaxLayer. 1% PR AL
HE X5 1) s e 4 H e o — MR AT i, AT
FHTE R TR 2 FR 1o X THA =
<oz, HBETERECH
h(z) =—=-

ZeZ,:

A, e Ror z EEG BORGH R — TR
FEIEM .

[z1 2z

7121927'“9q (9)



FiE, 5%

T IR PSP 228 ) % R K PP T ) 22 P R R 9 P R T 1% - 129 -

FEZ o fn) i, ] DA 52 SO 51 % bR 0ok
e Bt B R E R MM E R B4
tHon

0=[h(z;) h(z;) -
SEBRIGN IR A
T=[t t, - t] an
X, (=12, q) TR 0], K
SRS RA 1, HAREHIA 0.
R BRAL ¢ ARTE N

o == 1 1n(h(z)) (12)

SEFRIE IR RAE, IR Rz, SEBRIE
AEINER RS, PURBN, HSEBRIBIMREE 1
i, BREEE 0,

2.3 REHEMEHR EEBRSHENR

A(6)H AL EE A B 7] BLS % 3 AN HE [

W,. Wy. W13 MREBEMFEB . B,. By,

h(z,)] (10)

@y WOy o Oy
wo=| G2 O (13)
Wy Wy Oy |
o, @, - o, ]
| O G (14)
@l w, @, |
(ol @, - o,
W3 _ a)2”1 60?”,2 wz”s (15)
_w‘;’,l a)‘;’,z . a)‘;"s |
B, = [01 02 9)7 ]T (16)
B, =[6 6 - 67 (17)
B; = [91” 92” Hq”]T (18)

fHH Xavier 144k 75 1506 B AR B AT W46
1, MIBIAE S 25 11 1o 0 AT SRR SR AR A )
JLE . VIBUEERE w6, H5 2% var(W) N
2 (19)
m+n
X m AT —ERMHZ8H: n 4112
AV (=
f# F Xavier WI464 ik 34— Z 04 7 %
S NTT ZERRT, AT J8E G ofs P I R B B ik
A TR B R OB FE T AR ) . R — B ST
R AN AR ZE R, AT Inig sk .
i H Adam PRACEVEREACRENERRE . %

Var(Wh) =

ik — R TR A B, Sia TR
1w ER i s 1 SR iy AN SPE VA e i e
I,
HARFEPIRIT .
D) ¥IgE WS, Yisaie—B s fhiit u % ¥l
R B REATE v AE
2) THEBRREE, ARAEK BREL ¢ X RE— DR
SHOTERRE
3) EH IR AT w A ARG v
u, = Pt + (1= f)V s (20)
Vi = ﬂzVH + (1 - ﬂZ )(vcloss )2 (21)
e w, NEE ¢ DR —BrEA T v A BT
BYAEAfG s B AN By NEEIRFRE: Vs N Cioss KIFHIE .
4) B IE—Br AR A T B Al

. u,

i, = (22)
-4

. v,

v, = 23
[y @

e a, N BB aEAhTEs D N B
Bttt .
5) HHSH.
9,29,,1—0!

U,

= (24)
v, +e

X 6 WE 1 PMFRRSEL o TR, K

BN 0.001; & N—MR/NIE S, TR BRZE

AR, —RELIx 107, U R/ NS om0

TR A, Adam PRAGEE MR EQE 8 FR.

i

WIRA A RS — B ffi Tl
A Y

| B R = VAR S e |

THEABIL: ARAE AR B Hlcou RS
TR SHOT ST L
v
SEHHE AT SERT B AR AL A
A
v
EIER il BIE—Brafb il

A A

v
| HHERBH

Ll RBRRGSH, ERERIE |

& 8 Adam MU EEMRIZE
Fig. 8 Flowchart of the Adam optimization algorithm
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A WU 75 HIRAME NI, 25 Hindhas
CAREPAE e 8

IRFEEARZE AR S EBOE I T - PP
2, BN EEUZ S 300 Mg T Mt E A
32 MR TT; BAKECN 120 ¥ A Adam L4k
SR WIS 21304 0.005; B i RBEE M 1.
fE i7-7700 CPU, 12 GB RAM 1 & 2 THHALH
Matlab 58 B 5 .
3.1 FRTTEMAIMNEIRES

R AEARLAE 5 o F A JE R B R S A SR R
BNy, HARANER S R AR 2 P

R2 ERTEMNBEEAXRRQIEE ERHER
Table 2 Accuracy of test set for voltage correlation coefticient

with complete information

ik HewE | ek HewE | ek HER R/

Uikl % Uikl % Uikl %
1 99.997 10 79.177 18 47.446
2 89.096 11 92.961 19 84.463
3 47.077 12 98.372 20 64.093
4 99.296 13 99.959 21 91.141
5 96.666 14 99.673 22 86.648
6 98.920 15 100.000 23 59.635
7 54.694 16 99.997 24 78.459
8 99.836 17 64.756 25 72.764
9 97.507

K2R, KB INEE M PR AR B
W, NI R RS i, T HER
HON 84.105%, 1B LU AR ¢ R ECN FIHE BIIR
PR I 28 A AT PR A RIS 2 A 1t R AN

REAIE LA P T A SRR R 1 B R PG R
B, HIRINRRSE R 3 s

R 3 nJLAEH: RIS MRS A&
e, HAPIHEREEN 99.968%. HHEL TR
2, 181 B R AR ¢ RELVE A, HHERR R KRt .
T U5 BH 7 A0 EE AR PR FRE U ) R A5 F DA R R R

PR B g A 00 I S 1 22 ) 65 A TR A B 0 PR A
e DRI i 408 2 22 R A P P s I PR B A Ay 1 4
P IE IR BE AR 42 I 28 A5 Y
R 3 FEETEMNBERKESKQEEERE
Table 3 Accuracy of voltage Euclidean distance test set

with complete information

wmih WERRE | i dERRR | b MRS

kel % kel % kel 1%
1 99.989 10 99.991 18 100.000
2 99.985 11 100.000 19 100.000
3 99.966 12 99.995 20 99.940
4 99.207 13 100.000 21 99.602
5 99.977 14 99.993 22 100.000
6 99.985 15 99.999 23 99.958
7 99.869 16 99.949 24 100.000
8 99.992 17 100.000 25 99.954
9 99.891

3.2 [EEBRERFRIMNHRE S

1.3 bR B, R B B IR ik 2 R M HE
SR TFF ST WRRAS O J W HERf I, (U 5N HoAh Y
R B AE BT SEEUAA R . R IR A
IR 285 B8 70 7 42 4 AN Rl 6 22 19 AR QR I8
o2 BIRE BE G BE T HIWHER . Rk, 2R
W AR TS A T Ao E BRSO iR R
i 2

DAL 9 Sfal, BEMLZEZR 25% 15 m ) H R 000

B9 Bk 25%E NS B8 % I S e WHRh
Fig. 9 Multi-ring cellular network topology missing 25%

measurement information
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AR Co4 =276 A (24 AT R IE IR R ER ). 72
TRUFUR LR 2 AR Y 5, A B0 S TP Y 25 AR h
GER 53 RN IR FE AR 22 ) 25 A5 700 v o B O HERA
RN 4 PR
® 4 BRK 25%EMHAERHE R B ERK KRS
ERFIIERERE
Table 4 Accuracy of using voltage Euclidean distance as

criterion when 25% of measurement data is missing

WA dMERRER/ | RN MERRZR | RN HETREY

Ei] % P % Ei] %
1 99.821 10 99.996 18 99.924
2 100.000 11 99.994 19 99.712
3 99.904 12 99.845 20 72.091
4 99.950 13 100.000 21 99.913
5 99.822 14 99.939 22 99.999
6 99.845 15 99.967 23 100.000
7 84.359 16 99.999 24 99.990
8 96.289 17 100.000 25 99.891
9 99.951

Farh, BRI HERR B, L7 5.
8 5. 20 TN M IHER AL T 99.7%, T
HER RN 98.048%.

K 10 36GE TRENLE K S0%H sl B, A&
EERIROR

[ 10 GREK 50%EMIE S B IR 8% S e A4
Fig. 10 Multi-ring cellular network topology missing 50%

measurement information
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F 5 Bk S0%EM BRI E A B ERRRES
{E AR AT ER
Table 5 Accuracy of using voltage Euclidean distance as

criterion when 50% of measurement data is missing

mih o WERRER | i dERREY | dndh dHERRER/

kel % kel % kel %
1 99.968 10 99.974 18 99.971
2 99.969 11 99.959 19 69.712
3 95.761 12 92.950 20 88.235
4 99.989 13 99.981 21 90.898
5 99.573 14 84.337 22 99.999
6 86.899 15 99.984 23 99.980
7 99.997 16 99.968 24 100.000
8 99.952 17 99.997 25 99.971
9 92.850

B 11 B0 T BEALE 2R 75% Ft - I A i A SC
CAFSIDEVE S

B 11 EREK 75%EMIE B80S IR 5 K e 1A
Fig. 11 Multi-ring cellular network topology missing 75%

measurement information
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SRRV HER R, R WK 6 iR,

Foh, TEERK 75%M BN ERR, SILHER
Fild 99% MR EMATE 11 Ay, HoPuEm s
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T BUEA ST IE IR , K A ST 15 (DNN
REERRICEE ) 5 PR 4 FRJ77%(DNN @A AH R &
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¥ DNN FLZACFREEAE . SCHF 1 B Hl(support
vector machine, SVM)l & BR [GEE B . 5 AR PR 48 [0 2
(convolutional neural network, CNN)fHi& KK [GEE B9)
BEAT XS EE o FEBR AN [F] BB B 0 B BEAT R EE
12 93X 5 PR AE SRR AN R LE B Bt i (4 $h 7%
AR
R 6 BRK T5%EMBIR LA BERKES
ERFIRRERE
Table 6 Accuracy of using voltage Euclidean distance as

criterion when 75% of measurement data is missing

wah R | I R | I R

5 % 5 % 5 %
1 72.701 10 99.777 18 99.832
2 90.259 11 65.532 19 99.942
3 99.186 12 63.214 20 94.995
4 99.830 13 99.624 21 98.882
5 100.000 14 100.000 22 99.993
6 89.463 15 99.964 23 68.514
7 53.604 16 100.000 24 72.178
8 67.991 17 91.089 25 99.303
9 98.518
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CNN# A K EE R
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Fig. 12 Topology identification accuracy of different methods
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Fig. 13 Topology identification accuracy of different

optimization algorithms in DNN
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