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Abstract:

Today, networked microgrids (NMGs) have emerged as a key solution for enhancing
the flexibility, reliability, and stability of distribution networks. However, optimal
energy management in these decentralized structures faces fundamental challenges
due to variable renewable generation, unforeseen faults, and multiple actors with
occasionally conflicting objectives. This research presents a distributed, multi-agent
framework for optimal control of NMG networks. The core of this framework is an
integrated mathematical model that combines normal operation and the post-fault
self-healing state within a multi-variable objective function featuring dynamic
weighting coefficients. To solve this complex optimization problem, a novel robust
adaptive shuffled complex evolution (RA-SCE) algorithm is proposed. The key
innovations of this algorithm include an adaptive multi-strategy architecture for
intelligent operator selection, a dynamic knowledge transfer network for inter-
complex learning, a health monitoring mechanism to detect and mitigate premature
convergence, and a dynamic weighted allocation of computational resources based
on complex performance. By fostering a collaborative structure, these mechanisms
establish an optimal balance between solution accuracy and computational
efficiency, ensuring fast and reliable convergence through an intelligent hybrid
stopping criterion. Simulation results on a modified test network demonstrate that the
proposed framework, compared to conventional methods, yields significant
improvements in reliability indices and voltage profiles, particularly under fault
conditions. In summary, the provided solution offers a self-tuning and efficient
framework for comprehensive interactive management among independent
microgrids, thereby enhancing system resilience against disturbances.
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Input: Problem dimension n, Bounds LB, UB, Number of complexes p, Initial complex size m = total population s = p X m,
Stopping parameters &y, &con, Window size k
Output: Global best solution x{i, and its fitness Faoiy,
Stage 1: Initialization
1.1 Generate initial population P of size s using truncated normal distribution:
Fori=1tos:
Forj=1ton:
P ~ N (0.5, 0.15)
P < max(0, min(1,y))
xyj =LBj +¢ - (UB; — LB;)
1.2 Evaluate each individual: F; = OF (x;) (objective function value).
Stage 2: Main Optimization Loop
while stopping criterion not met do
Stage 3: Evaluation and Structural Analysis
3.1 Partition P into p complexes Cj, ..., Cp, €ach initially of size m.
3.2 for each complex C; do
Sort members in ascending order of fitness.
Sy exn(5) Ry
T o
end for
Stage 4: Dynamic Weighted Partitioning (Resource Allocation)
for each complex C; dow; = Qe

Compute quality index: Q; = ,Vj,mk; o = max (1,%), vm

—_— = -8 ;= L.
=5 e e=10"% m; = |w; - 5]
Adjust size of C; to m; (total population remains s).
end for

Stage 5: Advanced Inter-Complex Learning (Knowledge Transfer)
5.1 Update knowledge transfer matrix K:
for each complex j do
for each other complex i # j do AQ;; = [Q; — Q| + &, pj; = S OPCVAGD  peevn (A —-p)K'i+p-pj;
: T Tkejexp(-y-aQ" I "
end for
end for
5.2 for each complex j do xj.,, = x}y + T Xix; Kj i (82— %) + N (0, Gpoie)
end for
Stage 6: Adaptive Triple-Stage Evolution for Each Complex
for each complex C; in parallel do
6.1: Dynamic Strategy Selection

for each strategy s € {DE_Adaptive, Simplex_Flexible} do 7, = —2or— s

YAFate’ S Sna

end for
Select strategy according to its probability P;.
. ; arctan(nAﬁi)
6.2: If DE strategy selected: Compute adaptive scaling factor: F; = Fiin + (Fnax — Fmin nax

/2
for each individual i in C; do v; = xpq + Fj - (2 — %y3) + 4~ (xb]esl - X;)
end for Perform crossover and selection as per standard DE.

6.3: If Simplex strategy selected
Identify best (x;, F,) and worst (x,,,, F,,) points in the simplex.

Fw~F,
arctan(—2—b
[Fplte

/2

Compute dynamic reflection coefficient: @; = amin + (¥max — ¥min) *
Centroid g of all points except x,,,.
Reflection pointr = g + a@; - (g — xy,)-
Replace x,, with r if r improves fitness.
end for
Stage 7: Health Monitoring and Intelligent Rearrangement
for each complex C; do
Diversity index
pj =S lixl =%/ I, D=IUB-LBI,
J
Improvement rate
i ’
67 = 23y 1 (AFL,(®) < 0)
Health score
=ap;+b0*+cey a=04 b=04 c=02
if H;*"® < 0.3 then Reinitialize 60% of the members of C; randomly.
end if
end for
Stage 8: Intelligent Merging and Stopping Criterion

pscore

. ) P wjxl,
8.1 Build new population B,,,: for each complex C; do x,,, = % + NV (0,05)
j
end for
Add these new points to By

8.2 Update global best solution (x5t Fac)-
: c s o —Fufart
8.3 Check combined stopping criterion: if % < Eymp AN Proga < £con then

‘global

break
end if
end while
Stage 9: Termination

best best
return xglobal' Fgloba]

\RR
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