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CT saturation identification and distorted current reconstruction method based on
U-I image spatial distribution
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Abstract: Current transformers (CTs) are core components of various differential protection, but they are prone to
saturation under complex fault current characteristics and significantly increased current amplitudes. First, voltage
information provided by potential transformers (PTs) at measurement points is integrated, and a voltage-current coupling
relationship is established to plot trajectory curves in a two-dimensional image space, with current on the horizontal axis
and voltage on the vertical axis. This approach mitigates the interference of single-signal distortion caused by CT
saturation on state identification. Based on the deviation of the degree of trajectory from a standard ellipse, saturation
states are identified and the severity of saturation is graded. Finally, sampling points within the linear transmission interval
are selected, and an improved ellipse-fitting algorithm is applied to integrate the image space and reconstruct the
distortion current. A 220 kV transmission line model with new energy integration is constructed on the PSCAD/EMTDC
platform. Simulation results show that the proposed method can efficiently and accurately identify CT saturation and
reconstruct secondary distorted currents under different types and severities of CT saturation.
This work is supported by the National Natural Science Foundation of China (No. 52077120).
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Table 5 Mean RMSE under different CT saturation conditions
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current reconstruction methods

XoF 7 P e 7 PRI B A T VA TE 1 L R A
10 YRS2%, 155 RMSE “FRMEWE 6 is.
4.4 FREEIRIZEN RIEHR S50 A SN iE

7EE 9 BRI 55 KE MR B, 5IA—A
ZE N 100 MW XU FLE,  [R] I X6 BT A 5 FEL R 15
BRI o, R R AR R E LRI
W, BARBINIE 13 Fis.

Wb KA e, ATERREER A%, 40 20 ms,
WA A R BE 52 Z158T e U FL IR T R IR AT R A A2 11 52

Wi, SEHAAA GG S, W 14 Fros.
& 6 [F CT RN TAERIRE T A RMSE Fi5{E
Table 6 Mean RMSE of two types of current re-configuration

methods under different CT saturation conditions

/N A RS ePR
LRI St FEEFEE
- - RMSE ¥Ji/% RMSE ¥Mii/%
B 1.52 0.51
i 478 0.62
A e
LI 4277 1.52
S 71.25 4.87
B 0.51 0.21
i 0.82 0.34
Bt L
LI 2.52 0.75
R 3.17 1.28
242 kV
[ EaatEel CT(1000/1) 7 7
B (2 —’+ - -
VA PT 50 km 50 km
= Fault
30 km 100 MW
E=242kV Z;
-
‘—-—’_ 20km 242 kv/10 kv DFIG
40 km

13 FhEEREEN K ERTD
Fig. 13 New energy access to the large power grid topology

1.0 1.0

. 05 . 05
I =
£ L

R ? ) 7

= kS

-0.5 -0.5

-1.0 -1.0

-10-86-4-20 2 4 6 810 -10-8-6-4-20 2 4 6 810

B ii/pu. i /pu.
(a) HHERAS P& (b) HiZeid A&
14 SRR ML & 1E R
Fig. 14 Curve closure affected by frequency offsets

Rk, %08 3.1 AR PR, JmiiR BN
PRI S AME, EIREFRE R K. MR,
ZIRTRER, IR IS HE e — g, &
B EARR 2], SRR A B /] R TG E . 18
JESEBRIIEB I K5, U-T A & aliad 4
TEOUS DMEIE, XTI U-T 2R G R i AR i
WMEABCERWE 15 fios.

40 — SR — TP - - AR

1.0

0.5 < 20
of |
-0.5 o

-1.0
-20 ||
-10-6 -2 2 6 10 1.781.791.80 1.81 1.82 1.83 1.84 1.85 1.86
Hif/p.u. I 1) /s

(a) U-IHH A S 1B1E

M

FH M /p .




-10- W) R GRP bk

" 40 ‘
0.5 < 20 FANEEV-N A
05 g OQA

-1.0
-20 .
-10-6 2 2 6 10 1.781.79 1.80 1.81 1.82 1.83 1.84 1.85 1.86

H/pou. i 1) /s
(b) U-THH £k P 58 1T
& 15 {EIEJT U-1 fhik R E R E MR

Fig. 15 Corrected U-I curve and the reconstruction

il

L /p.u.

effect of distortion current

PIREEERAEN], PR 5L R 52 B A I
TR BEVR N I 7 A RIS i 12 1 e A e 4 L
KPR, AEA FEIRAT™ R T B E ) RSME
FEMEAREE 5%.

52 PR T RV AL U O 4 A SR, FLASEHE A HLR
MR AR Iz /N T HoA VR P CE 2R %, R LA A 1 U8k
Gy BT R R 5 N AL CT A R4
A0 o [RII SEPREG R — T % DR A, REA R
DE T U, Y IRAIE VW I B0 AR ST R I R
FE T 0 2 B e BV E AN B = =GN )
W, HEREL 10 A0 5, 52
RMSE “FEMEMIR 7 . BEERATH, 2iEAE
P EE/NT 10%0, B AT IEATI RE ORI LT T
BbE, HUENEROS BT 10%)5, #ERRPE T FERE
R (SE ey o A T oy oy D O S R 4l
EFEARRIFRIE R, FEINA DR A 5 B & L
RN, RIA ST R AE R VEAS DL EREE .

®7 FENERENT RMSE FH{E
Table 7 Mean RMSE under different harmonic injection

N RMSE “F-¥E/%
/% wis s
0~3 2.62 2.17
3~6 483 3.78
6~9 7.56 7.14
9~12 10.89 9.87
12~15 18.21 13.74

FESREA b, P AT R R I, X e
FE R UL R FERE R8T . RS EA IR NN 20 dB
M P . SRR . AR AR A AR P A EE A R
WK 16 Fins.

FEF AU 10 4105 7K, 753) RMSE
SEEME IR 8 Fin. MEEFEIIEISS RKE, ML
TC T3 K LW 2 G5 1) Wy AR FEL IR S AR PRI — e R
FERR IS, (HEAARRZEITE 10%LL R, T IRFFRLT
1 EFINEE

40 — r
— SpRA
— WAZ LA
20 | — HEH I
g
e
0 -
,0 1 N N N 1 | N
1.78 179 180 1.81 1.82 183 1.84 1.85 1.86
t/s
(a) BAWMER
200

— bR
— WA

1001 _ sy ]
0 4
-100 1

184 185 186

/A

182 183
tls

(b) RS ER
16 BREMNEHRAERER

Fig. 16 Effect of current re-construction after noise is added

178 179 180 181

#< 8 I[EIMEETFHM T RMSE FH1E
Table 8 Mean RMSE under different noise interference

P RMSE “FH#){H/%
L2 3.79 2.56
i 478 3.38
RE 5.78 5.02
i 7.89 6.87
5 &g

ASCE R R KRR S K CT WA 20 — ik
AR AR R FL R, SR —Fdk T U-1 Seas(a) o A
2 YERFIL AL AR ) S i AL R A A, &
LRI .

1) RGP — L AT 4ERL, RE s
TSR U-1 G428 73 AR 2R BB, A
FI PT ANAEAE AN o] R ) RS, 0] CT M AN S 2
{5 5 REPIREHHR T By 1R
AR ] I RO I AR 2 B0 5 R A i 2R AT
TREL, DL - 8 BT AR AT A L A o

2) L U-T Gz (8] 73 A A L i 2 1) ) L] i 22
FRIEEARAE CT B, RaSWARERE, 456 ot
ML, 6 AR UL EZeEAL AR X BUI R
s BV AT SR ORI A BRI R . A EUAR G TR
BN TT (R R T SR T30, AR SO T
P R EORAG, MR, EMREE

B U-1 R R AR RIS LA, W] ik —
MR FUHAE 2 v Z ) Ry FE N E . AT
By By BRI RN, HEEh R RS R
It 2.



IR,

BT U-1 G280 A 1) CT WA ) % AR B i S vk

- 11 -

B33k

[1]

[7]

Hk, T, 4Re, & BRZRARYT TA MRANRIE P8
5 FIT AR AT AT 0], b R AL TR A AR, 2019,
39(19): 5805-5816.
ZHENG Hao, LIN Xiangning, JIN Neng, et al. Research
on TA saturation fast blocking and reopening criterion for
bus protection[J]. Proceedings of the CSEE, 2019, 39(19):
5805-5816.
B, F7i, B, % BERE T2 DG A
Fic I £ 3 2 it 2= B AR A7 [0 ) R GE IR S 1
2024, 52(2): 80-89.
LI Zhenxing, WANG Yangze, WANG Zhouli, et al. A
novel current differential protection for multiple DGs
accessing a distribution network with a communication
limitation[J]. Power System Protection and Control, 2024,
52(2): 80-89.
TROCH, RAAWE, Wi, 5T VU RSP AS  55 068 S
PR DI FEAL IR B ER [T]. I RG R 51
], 2024, 52(5): 148-157.
XU Wenhao, XU Qifeng, XIE Nan. An ultra-low power
optical current transformer based on four-level coding
and weak-light communication[J]. Power System Protection
and Control, 2024, 52(5): 148-157.
AR, SKBET:, B, & R RGN TR
S AT ZSRII]. B RG RS ], 2024,
52(5): 168-177.
GU Qiaogen, ZHANG Xiaoyu, LU Hang, et al. Steady state
negative sequence differential protection of a transformer
in a flexible low-frequency transmission system[J]. Power
System Protection and Control, 2024, 52(5): 168-177.
TREKYE, 4xfe, MT, 55 BT/ H M By b
SRR AR S A R 18 HI SRS (7] LR 2741,
2019, 34(6): 1170-1179.
XING lJiawei, JIN Neng, LIN Xiangning, et al. A novel
strategy of current transformer saturation identification
and valid data application based on wavelet packet[J].
Transactions of China Electrotechnical Society, 2019,
34(6): 1170-1179.
EXME, T, AT, & BT IR R R FHE PR
TERI PR BRI [I]. BIBIR, 2023, 47(4): 1423-1431.
WANG Xingguo, YU Su, ZHOU Zexin, et al. Bus
protection based on trajectory characteristics of current
sample value mutation[J]. Power System Technology, 2023,
47(4): 1423-1431.
E, FHEL, HE, . JET RFC-SAGA-RBF JHE
Tiwbs ™ CT AR B R AT 7L ], P 7 HL R,
2024, 18(12): 51-61.
WANG Bo, YIN Shihong, XIAO Yong, et al. Inverse

(8]

[10]

[11]

[12]

[13]

(14]

[15]

propagation method of CT distortion current under DC
bias based on RFC-SAGA-RBF[J]. Southern Power System
Technology, 2024, 18(12): 51-61.

RVFME, ¥/, BAEER. BT & iR & PR
P B U AR 37 AR s A 22 B AR (T T R g,
2025, 58(2): 9-21.

SONG Xupeng, YANG Xiaoyang, FAN Zhengzhen.
Differential protection of main transformer of doubly-fed
wind farm based on current synthesized vector trajectory
characteristics[J]. Electric Power, 2025, 58(2): 9-21.
LIANG Y, REN Y, YU J, et al. Current trajectory image-
based protection algorithm for transmission lines connected
to MMC-HVDC stations using CA-CNN[J]. Protection
and Control of Modern Power Systems, 2023, 8(1): 1-15.
WCE R, 25k, BB, & XA S BOR A R
RN S ZE B R AP R Bl ] BT TE (D). L R G R
P 5], 2017, 45(20): 44-51.

QI Xuanwei, LI Lu, HUANG Xiaoming, et al. Study on
the CT saturation and mal-operation of the transformer
current differential protection during external faults[J].
Power System Protection and Control, 2017, 45(20): 44-51.
M, THE, FERREE, . E TSRS Sen /K
w2 BN R T R[], PR T, 2025, 58(3): 108-118.
ZHENG Tao, YU Jiaxu, SUI Chengxi, et al. Sen transformer
differential protection scheme based on magnetic circuit
coupling[J]. Electric Power, 2025, 58(3): 108-118.
SR, XN, BRAMR. F R AR AR T 4
LRSI K SFTELD]. TR, 2023(22): 190-192.

MA Xianying, LIU Xiaozhuang, CHEN Xiaosong. Impact
of magnetic saturation characteristics of current transformers
on relay protection and its prevention[J]. Electric
Engineering, 2023(22): 190-192.

FThK, KER, O, & LI GIS Wk HEHFRY)
B e B s Pk 2 AL B BEER GR 3BT R B[] HEEOR,
2015, 39(10): 2965-2971.

LI Naiyong, ZHANG Meiling, WANG Xin, et al. A new
bus protection principle of GIS fault accurate isolation
and automatic restoration of power supply[J]. Power System
Technology, 2015, 39(10): 2965-2971.

JPET, XM, AT, S5 AR TR S Y
AR R ARYT]. FEPIEER, 2013, 37(4): 1113-1120.
ZHOU Zexin, WANG Xingguo, DU Dingxiang, et al. A
substation backup protection based on current differential
protective principle[J]. Power System Technology, 2013,
37(4): 1113-1120.

M, milE, ERk, 55 TR AR R
ik B R LR AR M AN IR B VA D], IR, 2016,
40(9): 2889-2896.

LIU Yiqing, GAO Weicong, WANG Chengyou, et al.



-12 -

W) R GRP bk

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Detection method for current transformer saturation based
on characteristic of differential current by half-cycle integral
algorithm[J]. Power System Technology, 2016, 40(9):
2889-2896.

X, Kol R, & 5T CT MRk Al
T J7 IR TCAF e T SR [0]. IR, 2021, 45(10):
4161-4174.

LIU Yiqing, WU Kai, XU Mingyang, et al. Improved
scheme of zero-sequence direction element based on
accurate recognition of CT saturation[J]. Power System
Technology, 2021, 45(10): 4161-4174.

TG R, R REESEARI AR A D] B 1
ZRR%E, 2018.

ZHANG Zhiliang. Study on current transformer saturation
detection method[D]. Jinan: Shandong University, 2018.
BT, VLU RS VAT I X AR R 28 2 B AR AP R R
WE[D]. dbat: fedbrJIkeE, 2018.

HUANG Ting. Research on the impact of current
transformer saturation on transformer differential
protection[D]. Beijing: North China Electric Power
University, 2018.

RER, BTF, XNFE. BT RR RS LA
DA 0 F BF 2 SR BE A 22 3 R 97 [J]. HIMECR, 2008,
32(14): 70-74.

WU Chonghao, LU Yuping, LIU Xiaobao. Busbar sampled
value differential protection based on linear transfer section
checking of TA[J]. Power System Technology, 2008, 32(14):
70-74.

WO, BUEE, ARUa, 4E. BT Uk RLS HUARIEL
PR S HL T[] T E AL TR AR, 2014, 34(15):
2460-2469.

HUANG Zhihui, DUAN Xiongying, ZOU lJiyan, et al.
Fault current parameter estimation based on adaptive RLS
algorithm[J]. Proceedings of the CSEE, 2014, 34(15):
2460-2469.

s, X, BRIR, S RO AN E PR R FLE B Y
PR3P 32 v Bk il S8 B [J]. ob [ e LR 24, 2019,
39(19): 5782-5792.

MA Xiao, LIU Chang, CHEN Le, et al. Flexible tripping
strategy dealing with uncertain excessive short-circuit
current[J]. Proceedings of the CSEE, 2019, 39(19):
5782-5792.

T, Ak, MR, 5. BOE®ERHESHTS CT WA
DR S ERIHOR[D). [ AT, 2023, 56(10): 179-185.
WANG Feng, ZHU Jia, JIAO Shaolin, et al. Informer

[23]

[24]

[25]

[26]

[27]

photovoltaic power generation forecasting based on cycle
information enhancement[J]. Electric Power, 2023, 56(10):
179-185.

WAL, T &, Wi, 55 BT RS R BT
PEHANR ) 5 FFIB0HT 7V [J/OL]. HUPHA: 1-10[2025-
01-01]. https://doi.org/10.13335/1.1000-3673.pst.2024.1084
YANG Guosheng, DU Dingxiang, LIU Huanzhang, et al.
A new method for saturation identifying and opening up
of ferromagnetic components based on waveform
collapse[J/OL]. Power System Technology: 1-10[2025-
01-01]. https://doi. org/10.13335/1.1000-3673.pst.2024.1084
NASERI F, KAZEMI Z, FARJAH E, et al. Fast detection
and compensation of current transformer saturation using
extended Kalman filter[J]. IEEE Transactions on Power
Delivery, 2019, 34(3): 1087-1097.

TOREIR, MR, SR, AR S KUK ORGP ST
R EL R A R FR F A A D], M DR A A,
2022, 37(19): 4823-4834.

HUANG Zixin, LIN Xiangning, MA Xiao, et al.
Reconstruction method of saturation current of current
transformer in relay protection application related to wind
power[J]. Transactions of China Electrotechnical Society,
2022, 37(19): 4823-4834.

R, 4E, HEH, & BT UL AR SR
PO B AR AR N 3 B A AE I T 9 (0], AR BOR,
2021, 45(10): 4104-4113.

WANG Ying, YANG Wei, XIAO Xianyong, et al.
Non-intrusive residential load monitoring method based
on refined identification of U-I trajectory curve[J]. Power
System Technology, 2021, 45(10): 4104-4113.

FEM, THJ), BR#R, 55 T B RO HiE
S FR)HIT B YR AZ 25 A0S L Bl SCHE SRR (1], L R G R
P54, 2024, 52(20): 25-37.

LI Xueping, WANG Zili, CHEN Yandong, et al. Active
frequency support strategy for new energy inverters
based on virtual inertia fuzzy adaptive control[J]. Power
System Protection and Control, 2024, 52(20): 25-37.

rfs BHA: 2025-03-06;
fEHEN:

w1 AW A A GRY s,

{&E HEA: 2025-06-03

Rt (1977—), F, HE, H&K, HARFTOAH LN Z

%Ry 542 4); E-mail: 1zx2007001@163.com

REFQ001—), F, B4, MEARAE, HLH
E-mail: zhangxy0161@163.com
(%48 2 W)



