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Optimal operation method for renewable energy islanded microgrids with embedded input convex
neural network-based small-signal stability constraints
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2. School of Electrical and Electronic Engineering (Nanyang Technological University), Singapore 639798, Singapore)

Abstract: In a 100% renewable energy scenario, islanded microgrids lack the support of conventional generation, leading
to more severe frequency and voltage fluctuations, while small-signal stability also becomes a critical challenge. To
address this issue in inverter-dominated renewable islanded microgrids, an optimal operation method incorporating
small-signal stability constraints based on an input convex neural network (ICNN) is proposed. First, an optimal
scheduling model is established considering both inverter P-f'and Q- droop control. Information-gap decision theory
(IGDT) is employed to handle uncertainties in generation and load. Then, using damping ratio sensitivity as the direction
for operating point updates, sampling points are iteratively shifted to efficiently approach the stability boundary region,
thereby obtaining a large number of stability boundary samples under simultaneous variations of droop control parameters.
Next, the ICNN is used to learn the mapping between droop control parameters and small-signal stability indices. The
nonlinear stability constraints are subsequently linearized and embedded into the scheduling model. Finally, case studies on
the IEEE 33-bus islanded microgrid test system demonstrate the feasibility and accuracy of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 52577084).
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Fig. 1 Structure diagram of microgrid optimization
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Table 1 Parameters used in the test system
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Table 2 Comparison of different sampling methods
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Fig. 5 Evolution of training loss and validation loss

0.15¢
0.10f 00910 ——
I 0.0740
|
0.0527
0.05 0.0480 — 0.0459
0.0387
0.0258 ——
@ 0.0225 0.0178
i or ‘
‘ -0.0332
005, 00495
: | -0.0656
|
-0.10F } -0.0962
| |
N N
g5l 01485 0.1485
PER-E/IE FaE e AR HOR%E

6 MNHAEHAPNIRE

Fig. 6 Approximation errors of testing samples

4.3 RILER TR

ARSI S e ok RO A T RE IR T I3 8
] PR G A Hede G OR ey s B0 T HicdiE 225 SR [32] -
K7 JEoR 1 24 h ROGARFR g R 2k, Ron & i
ZIVE S A EE I LB . BUE IGDT A H ARk 4k
FIRZEREON 0.2, RMBPTIRLAHR, [2FA
DER 5L T FE 42 il 25

140
—o— i
120+ Stk 1
- /N
-
s % _mev""'\ |
& “\,,ooo‘f
s 60 1
40+
20+
0 ..................

0 2 4 6 8 10 12 14 16 18 20 22 24
I} [)/h
7 24 h AT RSN RE ML

Fig. 7 24-hour load ratio and PV ratio curve

NWEFE IGDT A H b e B 22 S 500t R 4R
LRI, BERSANA] 22 SR 800l v T AR



- 100 - B R GARY 524

LFRANE E B2, A5 RN 3 s, B 3 W%, BE
FiiwmZE REIHR, RGN E LA B bR R BUE1Z
B ok, ARG BN E R 2, PR S B Y
FIbR R BUE K. R, 6 B 52 AR R R 722 2
O 0 ETE R, R IGDT KUK LG SR S-S 2
HFR R EUEIE KT 2.35%, JEFFHERIEN.
% 3 IGDT FEMRE R EITHE R
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