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Fig.1 IPCD and SPCD file structure
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Table 1 IMCD file element attribute
IR J& T
Cubicle name , desc
Unit name, desc ,iedName , manufacturer, type , class
Board slot, desc , type
Port no,desc, direction, plug, usage

IntCore/ Core name , portA , portB , type

AR L i, B BT (Unit) B3 44 B (name )
AT B5 (type ) DRI 4R Hh 3R B, B A% SCA H 3k
(desc) 4535 H (class) FiX 4T 7 ( manufacturer )
INTF-BHIHE |, desc Al class JEXTI AUREE R, B4~
Unit & /041 & — Mt & ( Board ) , Board [ 4 5
(slot) FISCAA A (desc) M EIAR PRI, #2445
(type) A NI TC N 145 o B4 Board b4 24
H (Port) , 3 I 20 7% (no ) X F [) 2H 3 17 ( i —Xf
W s 1) SR FA—Z Fn BT, G A 1 A BT 4R v 3R
B BEAGRARAT B ) R — BOGET, ]
RERAENETES (IntCore ) 1, AJ BEJZ 652k ( Core ) , FEAH
( Cubicle) PR #y 2 IntCore, Cubicle 2 [a] B2 4 3
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F1(Tx) B0 1 (Rx) 19— 58 B8l , e H 1% 2k
A 1 2H B B 5K 4G AT B H AR RIS 1Y) 3 422 i
Bl T i A i e 2 FE 0 1Y [l 15 L, i o ik
[X43 IntCore FiI Cable , [ 1 55 — HUf#ATT B 404 B iy
BERAF R, A5 % 1 A GE B AR SR
P, A R ORI SCA S B, TR 4y . SRR B
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EE D, AR 48 BT MO IR R R T AT 8,
PRI I A AL B2 DC P 5 v R DT I, U R AT
TR IR AU A1 by~ A s D IR R AL
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Fig.2 PDF primitive information extraction process
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Fig.3 Electrical symbol topology string
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Fig.4 GBDT-LR algorithm training process
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Fig.5 Physical circuit modeling flow
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FETF BG4 B A IR T 53034 A OCR
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*®2 PNG ETiRFIHR
Table 2 PNG image element recognition effect

ERRIRGIEGE
Kooars 2 K 4 £% K 6 1%
BERMH Sohk Schik
H4 252 206 248 252
S EHZR 224 168 193
BTE 69 56 60
oA 126 98 106

POE7/BE I 3 R R W =i T AV I A 0 B <
220 kV A2 35 3L 140 5K PDF By 2 [a] % 48, K [R5
JEOK 4 4%, il 7 1 680 gk it AT 5 A B 4,
NZRAFI AR L 911, IR R 5206 PRI
i ] Intel (R) Core (TM) i7-9700K AbFi %% NVIDIA
GeForce RTX 2080 SUPER I f, 7 Windows 10 &
Gt N AT . SOCHRE9 T AISCIR 11 ] J5 ik AT X
Lo, AT S IR B ERR R 03 3 . il A Y
FARRIN LAz ] B 4 > B A AE 22 57, S 3L <
P ENEZE B — . (S TR H
PRI R SRS R A A R R
Bl IS N AR BE AU 37 357 465 4% b BIR i 143
750 SCHRL 1T ] A 2 T Bt YOLOV3 Aot 232 [0 2% 4 774
AT HL A5 U A 76.56% . SCH % PDF
ALy PNG, AT U SUN KT, IR FTE IR 22
o FSCR L 9 ] rb A R I DE JBC 3301 25 il J iR 22 ik — 20
BEOR, HERf AU 90.62% , SCHP i ] RKR-GST 45
TERFHFNE RO R TAT R HEAT RO DT C , 75 21 B K
AELLIE Xof 17 B8 H, AT 5, A8 T T A 7 1% 22 1Y 1 0
T HAER R K F] 93.75% , i 3 5 24 T 3Cik
COTASCHRL 1L ] Y 0y ik, LIS [i] 2 24 1 2 (] &2 2%
BELHE T ICHRLO T ASCHR L 1L ] #9532, A R T Ja 2
A HL s PR ) L B4 23 2 R B ] e A

®3 AEAFERSHFSIAFERE
Table 3 Electrical symbol recognition

accuracy of different methods %
WRES AT U HERT R
YOLOv3 76.56
SCHkL 1] g8 81.25
SCHRL9 107k 90.62
ey ik 93.75

3.2 THIHEEKGSELR

i1t 140 5K PDF 438! [n] p% K1 4K, 3t 463 AR
iR, g, BT (1) —X(3),&kE W, =
0.4,W,=0.6,W,=W,=0.5,M=10,W,=W,=-=W, =
0.2, 15520 (1) 1y 728 i b BGRR[0 i Fo AR 4%

P R R IR A 2 1) 0 RS T DL S — 43 25 it 1Y
ZE i IER S AG R F A FE R 53 2R
HERES XTI LR F1 GBDT-LR f4335808 3k 4
JIR o SRFEH], SO R GBDT-LR 4 il Zrisi Al
B2 PEREIL T LR, o] DB G o Xo A H vy R R A 7
R R T TR RSl R A

R4 HRERTRILL

Table 4 Experimental comparison of
classification models

B EHR/ % KR/ % BRI%E/%  FE
LR 96.77 97.43 99.06 0.982 4
GBDT-LR 98.30 98.58 99.64 0.991 1

3.3 MEEREELE

PAEL 6 F 738 i TR0 vt il P8k 4], 67 SCrp AR
Lt T 25K ) L 1 g A A 3 , A T L [ g A A
Bor Atk an i 7 fs

1-In
XXX-XXXXX-XX-X

IX(XXXX) PR XX-XX
2251
hg1 T10 O 1-2nXX:Rx1
XXXX RIO
IXQXXXX) | sy 2 e imxx
23 N RIS I E———
XXXX R20 2053 BERRERIHXX
2X(XXXX)
T30
R3O
3X(XXXX) [3x[ax
T4 O
R40O

E6 THEHERK
Fig.6 Substation image

-<Cubicle name="220kVXX" desc="220kVXX">
-<Unit name="1-1N" desc="XX" type="XX...-X"
manufacturer="XX" iedName="XX" class="XX">

-<Board desc="(XX)" type="None"
slot="1X">
<Port desc="T1" usage="Ihfi 1 XX"
plug="LC" no="A" line_num="£&4§1"
direction="Tx"/>
<Port desc="R1" usage="I)fE1XX"
plug="None" no="A"
line_num="None" direction="Rx"/>
</Board>
</Unit>
<IntCore name="TX001" type="Tx"
PortB="1-2nXX:Rx1" PortA="1X_T1"/>
<IntCore name="TX002" type="Tx" PortB="%%
BB A XX" PortA="1X_T2"/>

</Cubicle>

7 IR [ AR H R R
Fig.7 Digital description of physical circuit model
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IEFRE 1 90% o BE A A S 14 X S5 1E
R, B 97% , AT AR G vl i 1) L[] A6
T Bead AIZRGE R SCA (s B UM R 22 0K, YU IE
AR E] 90% , 1 of 49y B [m] g A T F 5 A i ik
TR

x5 MIEOEERIAANKR

Table 5 Physical loop information identification effect

PEEE SREcE  ERPUIEGE  Ed/ %

LY BN SO0 3 96 95 98.95
YRR A Xt 4 148 144 97.30
L/ SRS &N 97 88 90.72
LEEEE SN 148 135 91.22

R HE Ay B[] B ASS TR R AR AT o AR B
K E 48K N Y IMCD 32, IMCD SCE2E AL F IPCD
S, AL E B4R G SPCD U BLAME B 2
4~F IPCD F1 SPCD Z [a] () & R S A0S T4
FE T S D 0 TR 0K 8 L SO P MR R, SR AR
HL il T TR T A 31 500 A0 i B [l o A R 1) B Ak
IMCD SCERE AT LA PDF A% 2 A A8 v i 1 45—
FIERHA AR AT AL , SCnT LA XML A 2 i fic B 5C
A 722 Wl P A S A i T R AR
BRI BCE AL E R R & R A R T &
B P A A A e & T HLgE— 25 58 i SPCD
SO A5 E AT B X R AR R T B T Y
WF5E B T K o
3.4 BTSSR A

ARSI S HR AR ) I AR e S R AR R AR
FPeE T HAr, SPCD H B i an i 8 fim o

A5 HL il B AR ZE UM AR R T B 44 FR L TR 44
PR AR RR S SRR R S A g ] SR
LAl BR AR B DL R A TR SR = R B
R A5 0% 6 5 SR B M AT G B P81 4R %E 102 1 IMCD 3¢
P, B AR H i P 406 40 4 (o] 6 A5 R0 A7 B 7 Ak il
o SCUFRTREAFAE DR 22, JU IS A48 v il MR i S0 AR
{58 00— N TR A%, B B A v sl ] 4R 1R
A IMCD SCOEAT B B RS A A% 5, AT L)
FESCIE FAE M, R 4% 1 B A] B e 2 5K K]
4R, 3l [ B 5K I 4RHY IMCD S, UG e i 4 M — 7 Bt
PRI S S S TR S R SPCD Rkt .

DA 10 5K &I 4% g 5], 45 A5 98 F 12 sg b oy
AR AT B, 58 N B ] 5 ) d A, I 0 S FE

qﬁa }

TEPDFLTE, R g E N
%mmem@ R B2
AIHRE ANLHN INR
mﬁ%ﬁ %3?%5 %E%?%E@
N B B P e OCRIEIUFriE
A E R A AR HISCAAE B
_ _ IMCD 3 f:
EERET |
ﬁYT%E ]
A TEH
[Eyean *X -
A E B A FERT T A o (e R 2
A ik 5 SR T BRI
I
fit & SPCD
G

8 SPCD #Ehigitini2
Fig.8 SPCD auxiliary design process
I, W 6 iR,
#x6 fEHEANIMXFFEFERITLE

Table 6 Time consuming comparison between
traditional manual work and the proposed method

o #EAT/min
A P S ik
PR E N TR
1 2 13.2 1.0 3.0
2 1 4.5 0.5 1.0
3 9 32.0 5.0 15.0
4 1 8.6 1.0 4.0
5 10 20.6 5.0 5.0
6 2 14.0 1.0 4.0
7 3 7.3 1.0 3.0
8 2 15.3 1.0 4.0
9 2 11.2 1.5 2.0
10 3 15.6 2.0 6.0
A1t 35 142.3 19.0 47.0

7 6 G SO I BRI RE B AL HEE
IFAIAL B A N T RAZFERT , BB MBS T 107
P11 46.38% . SCH T YR AL BRI A, AT
WMAZAERT AL 22 | 336 B T 728 W il RV 1Y) 52 A R B
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Realization of physical circuit modeling method for substation drawings
HOU Jin'?, WANG Xiangyu'*?, HAO Yanchao'**, WEN Zhilong" >, LI Yunzhe'**, KANG Pingping'"*
(1. Laboratory of Intelligent Perception and Smart Operation & Maintenance ,School of Information Science and
Technology , Southwest Jiaotong University , Chengdu 611756, China;2. National Engineering Laboratory of
Integrated Transportation Big Data Application Technology , Southwest Jiaotong University, Chengdu 611756,
China;3. School of Tangshan,Southwest Jiaotong University , Tangshan 063000, China)
Abstract: At present, the original drawing information of the substation is stored in a single way, and the degree of digital
analysis is not high. In order to reduce the huge workload of manually analyzing the original drawing of the substation,a method
is proposed to intelligently extract the information of the equipment and connection relationship of the substation based on the
portable document format (PDF) drawing for building a physical circuit model , thus implementing the method according to the
smart substation physical configuration description (SPCD) file. Firstly, the primitive information is extracted and processed
from drawings. Then electrical symbol recognition is realized through string similarity matching running Karp-Rabin greedy
string tiling ( RKR-GST) algorithm, and substation images are classified by gradient boosting decision tree-logistic regression
(GBDT-LR) hybrid algorithm based on features. Finally,the digital description from the original drawing to the physical circuit
model is completed according to the SPCD file. Experiments show that the correct rate of electrical symbol matching is 93% , and
the correct rate of physical circuit identification is more than 90% when there are errors in primitives.
Keywords : smart substation ; two-dimensional drawing;configuration description file ; physical circuit ;image processing; drawing
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