
Mathematical Formulation: Stability Constrained
AC-OPF Using DynOPF-Net

Sachin Saini Rahul Reenav Ray
23115126 23115120 23115122

Nischay Jiwankar Aryan Mehra
23115098 23115025

I. NOTATION

• N : Buses, L: Lines, G: Generators
• Vi, θi: Voltage Magnitude, Phase
• Sri, Sdi, Sij : Generated, Demand, Line power
• Yij : Line Admittance
• δg, ωg: Rotor Angle, Speed
• ωs: Synchronous Frequency
• mg, dg: Inertia, Damping constant
• x′gd, e

′
gq: Machine Parameters

• δmax: Stability Limit
• ψ, ϕ: DynOPF-Net parameters

II. AC OPTIMAL POWER FLOW

Power definitions:

Sri = pri + jqri, Sdi = pdi + jqdi (1)
Sij = ViI

∗
ij (2)

Objective:

min
∑
i∈G

c2i(Re(Sri))
2 + c1iRe(Sri) + c0i (3)

Operational constraints:

vli ≤ |Vi| ≤ vui (4)

−θ∆ij ≤ ∠(ViV
∗
j ) ≤ θ∆ij (5)

Slri ≤ Sri ≤ Suri (6)
|Sij | ≤ suij (7)

Sri − Sdi =
∑

Sij (8)

Sij = Y ∗
ij |Vi|2 − Y ∗

ijViV
∗
j (9)

θref = 0 (10)

III. GENERATOR DYNAMICS

d

dt

[
δg
ωg

]
=

[
ωs(ωg − ωs)

1
mg

(
pmg − dg(ωg − ωs)−

e′gq|Vg|
x′
gd

sin(δg − θg)
)]

(11)

Initial conditions:

e′gq|Vg| sin(δg − θg)

x′gd
− prg = 0 (12)

e′gq|Vg| cos(δg − θg)− |Vg|2

x′gd
− qrg = 0 (13)

ωg(0) = ωs (14)

Stability constraint:

δg(t) ≤ δmax (15)

IV. NEURAL ODE LEARNING

min
ϕ

E(x0,x(t))∥x̂(t)− x(t)∥2 (16)

x̂(t) = ODEsolver(Nϕ, x0,∆t) (17)

x(t) = ODEsolver(p, x0,∆t) (18)

V. DYNOPF-NET LOSS

LDynOPF = Lp + Lc (19)

Prediction loss:

Lp = ∥ŷ − y⋆∥2 (20)

Constraint penalty:

Lc =
∑

λhj
ν(hj) +

∑
λul

ν(ul) (21)

VI. PARAMETER UPDATES

ψk+1 = ψk − η∇ψLDynOPF (22)

ϕk+1 = ϕk − η∇ϕLDynOPF (23)

Multiplier updates:

λk+1
h = λkh + ρν(h) (24)

λk+1
u = λku + ρν(u) (25)


