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ABSTRACT: Under the background of the development of
new type power systems, post-fault transient power angle
instability and transient voltage instability interact with each
other. The current study on identifying dominant instability
modes using artificial intelligence faces a “black box” issue, as
this field is still in its nascent stages of development. Therefore,
a new method of dominant instability mode identification
based on hierarchical-self-adaptive oblique decision tree is
proposed. The feature construction method of sliding window
trajectory cluster is used to capture the time series response
information of electrical quantities, which improves the
training speed, generalization ability and robustness of the
model. In the construction of the identification model, the
oblique decision tree classification model fused with the
decision surface of the support vector machine is used to
establish the mapping relationship between the dominant
instability mode and the feature quantity, and the nonlinear
combination of multi-dimensional features is used to enhance
the branch ability of the internal nodes of the traditional
decision tree and improve the identification accuracy. In the
first stage of the method, the stability evaluation is carried out,
and the cost-sensitive mechanism is introduced to reduce the
risk of misjudgment of the instability condition. In the second
stage, the dominant instability mode is then identified. In
addition, a hierarchical-self-adaptive strategy is used to
improve the speed of sample identification and further reduce

misjudgment. The generated identification rules are
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characterized by polynomials, which can mine the correlation
between multi-combination features and dominant instability
modes. The effectiveness of the proposed method is verified by
the transient power angle instability-voltage collapse system
example and the ten-thousand-node standard example, which
provides a new idea for the identification and analysis of the

dominant instability mode based on artificial intelligence.

KEY WORDS: dominant instability mode; sliding window
trajectory cluster feature; oblique decision tree; hierarchical-

self-adaptation; identification rule
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SCHR[23] 0.24 4.01 97.50 0.50 95.42
HODT 0.02 3.88 97.95 0.46 73.04

*3 EFKRBRAPHRMEREXILL
Table 3 Comparison of the performance of

leading instability mode identification
it CEVES HHiR Flf 25

B , , o - N
A% W% A% BKs BKS
DT 6.62 6.57 93.06 0.68 44.89
SCHR[22] 2.64 8.25 94.78 0.64 195.79
SCHR[23] 4.26 2.79 96.03 0.64 177.48
HODT 3.40 2.61 96.95 0.58 109.56

AL, AHECR DT Hik, BURHSE N e e
WA SRR 2 FIRFIE T LTS 2, RT3 T AR
HER R 5 I K . RTT,  SCHER[22] BT 7752 R
T AERHE R 4E S, HERRIETH AR, HxEH
AL AR AE A AR 31| s 5] B S5 389 0« SCHR[23]
PRI R AIE ) B R 2R PR R B SR 3, Sk (223
—DhRE TR G YRR, (A 215 2 8 AR
b, BRI 7R B 52 R SR 3 S AT MO 4 A R AE 4
R, PRI . 1 HODT #Eft & SVM JG REFE



9514 ST £ N =< 1 R B =3

44 %

780 B R AEAS 5 1 [R) B 38 4 B B A 21 & R AIE
R, 58 TIIZRRAE], TR sk kil AR
TN IR AR IREA A [ A, DAL T HERA
25 LA

WEAh, AR i S e ot s R U H A AR
M, DL RES 0.2s B ZINE], R 148 1
(1) DT EEMEHEA BT R 22 i R S s
535K DT 5 HODT #fi 52 th il AL, n Ak 45
B 7 Fios. ATLURBL, IR T 8 2 HEN
T A Be T8 BUAECRHER sk . RAFHEY SVM 24
B, HALTE 5 FRiRe eIy . XFT DT theifil
Fir 4 G2 RS FEA, HODT it J5 44 Re i
FNEM IS Bk, Bre sRng fe s 4 Yo s 5
TV R RIS A AR T IR B o EARE 2, X
TA AR, SRR A SRS R A
B, DR 5 1 B oE 2 (RS 2SR5 B8 kG 1
WRIATE, XA R 2 4 SRR & TTE

B

-0.50 W kR ES
* FRFES

~0.75 — R P T
, l | — ERREAR

-0.9 -0.6 -0.3 0.0 0.3 0.6

FHE 1
(a) DTRFEILT

0.50

0.25

«~  0.00

X

i -0.25
= AR
-0.50 & HERRES
‘ * hAkkES
“0.75F ,f*- — R PRI
& | — EGRIAR
09 06 03 00 0.3 0.6
HEAIE 1

(b) HODTHR AT
7 DT 5 HODT RFKiLRRE

Fig. 7 DT and HODT decision boundary
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Table 4 Model performance tests under different cost

sensitivity coefficients

¢ RESEEAI%  RUEEHY% VPRI % PHAN K/

0.8 0.04 3.88 97.95 0.58
0.85 0.02 4.64 97.49 0.64
0.9 0.00 5.22 97.29 0.66
0.95 0.00 7.93 95.89 0.72

30, sk B 2 DY B A 4% In) JE (radial
basis function, RBF)#% e H TAAI1Z:, X HHHH
K BE SN RIS TR EAT 1 F LG, DABGIE Firide — B A% e
HEEESaE R, WK 8 frx, H—MAZR—
B iy AR 242 BN B, (H RSB T 28R AS
W3, HIZRm [ FER 4 E AN % . RBF &
SRS T AR RS R, H RN ok g by Rk
ik, ASRELE HTRLAL B R URE 27 =) R o iy
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Fig. 8 Kernel function selection influence
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Fig. 9 Number of samples judged by HODT level
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Fig. 10 Error rate at all levels without

hierarchical strategy
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Table 5 Boundary parameter values and

objective functions

ZH] ZHIUE H b e 8
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Fig. 11 Influence of different boundary parameters on

adaptive boundary selection
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Table 6 Influence of PMU noise on identification

MR RN IR % HRAERTRY%  ESYRRAERR/%
T 0.02 97.95 96.95
1% 0.04 97.13 96.52
2% 0.16 96.85 95.70
3% 0.62 96.23 95.31

IR, P KA RS AE AN [FI KPR R S8
BUIIER 1 IR T A o B s A A A L ™ B A R 7S
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Fig. 12 Schematic diagram of 10,000 node test system
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Table 7 HODT model generalization test

- Fa e MEVEA F SR AR
. Kk Fase TR Difii Bk HEH
% e R HEe B Ri%
1 0.22 5.32 96.21 5.98 5.83 94.09
2 0.00 5.73 95.90 5.65 5.45 94.45
3 0.00 5.03 96.40 5.91 5.17 94.47
4 0.65 6.41 95.27 6.64 5.83 93.91
5 0.00 5.67 95.96 5.98 5.45 94.30
6 0.45 6.77 95.01 6.70 6.28 93.51
7 0.44 7.00 94.89 6.49 7.14 93.19
8 0.00 5.44 96.15 5.63 5.80 94.38
9 0.00 5.48 96.09 5.17 5.91 94.47
10 0.22 6.66 95.20 5.60 6.17 94.18

S 0.20 5.95 95.71 5.98 5.90 94.10

&8 REMITMAMEEL

Table 8 Stability evaluation performance comparison

. FFa FasE VAl F 7 I[E:S
IR % AR % W% BKs B Ks

DT 1.75 9.39 92.80 0.86  44.06
Xiik[22] 1.33 7.69 94.13 0.76  149.00
CHR[23] 1.10 7.30 94.51 0.78 13148
HODT 0.20 5.95 95.71 0.74 87.65

®9 EFKRRBRAPHAMERE L
Table 9 Comparison of the performance of

leading instability mode identification

- il L R F ylE
R BRI RN MKs K

DT 8.79 10.70 90.31 096  60.35
HR[22] 7.76 7.17 92.53 0.94 181.05
SCHR[23] 6.64 6.82 93.28 0.94  160.24
HODT 5.98 5.90 94.10 0.88  104.05
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