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Abstract: Under the carbon peak and neutrality targets, the proportion of new energy in the power system is increasing.
The traditional control method is unable to properly mobilize the initiative of each part of source-gird-load-storage, so that
the control performance of power gird is getting worse. Therefore, from the perspective of automatic generation control,
this paper proposes a multi-agent collaborative algorithm based on Self-Adaptive Reinforcement-Exploration Maxmin Q
in order to improve the control performance of source-gird-load-storage collaborative system. The Maxmin Q-learning
adopted in the proposed algorithm mitigates the estimation bias of action-value by using the minimum action-value from
multiple action-value estimates. Furthermore, the bias of action-value estimation can be controlled from positive to nega-
tive to enhance the control accuracy. Meanwhile, the introduction of Self-Adaptive Reinforcement-Exploration strategy
replaces the ¢-greedy strategy to avoid repetitive and unbalanced exploration. The simulations verify the effectiveness of
the algorithm, where the improved IEEE standard two-area load-frequency control model and the model of
“Source-Grid-Load-Storage” collaborative system are built. Compared with the traditional reinforcement learnings, the
proposed algorithm achieves higher CPS performance, lower frequency deviation, lower area control error, and faster
convergence.
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Fig.2 Control framework of “Source-Grid-Load-Storage” collaborative system
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Table C1 Comparison of simulation performance indexes in

“Source-Grid-Load-Storage” collaborative system

X 15 Sk AfMz  |ACE/MW CPS1/% CE/(t-h™")
Q 0002165 5981  199.926 2445413
DQL 0001276  4.552  199.955 2450.424
LS HEMQ 0001198 4239 199.956 2447.969

DWoLF-PHC(A) 0.001151 4417 199.958 2451.051
SARE-EW Q 0.000482 1.302 199.977  2445.939

Q 0.002373 14252 199.56  1949.781
DQL 0.002185 8952  199.618 1944.994

g B Q 0.002154 8.82 199.651 1941.444
DWoLF-PHC(L) 0.001511 6.29 199.632  1937.402
SARE-EW Q 0.001201 5879  199.693 1939.346

Q 0.002556  13.698 199.545  2571.522
DQL 0.002297 9.429 199.766  2563.314
[ HEMQ 0.001924 7.837 199.794  2557.305

DWoLF-PHC(A) 0.00133  5.848
SARE-FEWL Q 0.001021  3.638

199.803  2564.619
199.839  2560.364
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