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Motivation Methods

Voltage Monitoring: use available measurements to assess the compliance
of prescribed voltage safety limits [v™", v,

Single-level Reformulation
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Monotonicity of H (s; D) (Prop. 3.1)
H(s1; D) > H(so; D), if 51 < sy (nested structure).
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Scenario Reduction (Algorithm 1)
Initialize R = {(i,t) | v;; < v} and RY = {(4,1) | v > v,

* Pseudo-measurements result in non-certifiable safety at unobserved nodes.
* Different measurement selections provide distinct safety perception.

Research Questions

Worst-case achievable voltages with bounded power injections [R1], [R2]: —
Solve for s;' and H/ k=Fk+1
fZ(Vm) — m|nX U; or gZ<Vm) — maXX U; (Z & N) over (R%)RZ) % %
S.l.x <x <X, \ No No
C'"x =v",
x: power injection Solve f;(v",v™) over Cl =
CZ-TX:UZ-. P J filvy", vi") k

(C™, c;): LinDistFlow model {(,t) ¢ RL | vy < o™+ (k4 1)6')

Update R} ., ZNRQ U Al by |
Ay ={(i,t) € C | filve, vy) < 0™}

ASK: How to select the sites N/ for real-time

voltage measurement reporting v* and safety certification?

(Optimality check)

Return optimizer s* = s/'.

Problem Formulation

Geometric Insights Results
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Performance of Selected Measurements

Metric to Optimize: Aggregated Violation of Safety Certification
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Bilevel Problem for Optimal Measurement Selection
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* B1: nodes with highest and low-
est voltages

Uncertifiable Node-scenario Tuples
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H(s; D) = ZtT:1 Zi]\il([vzmm — fi(lta Vi)t + 1Gi(ve, Vi) — UzmaX]Jr)a
v, = Diag(s)vi — M(1y —s),
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Conclusion
Big-M . . . L .
* Bilevel problem for measurement selection with a novel violation metric

fi(vy, vi) = ming ¢ Formulation
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x, 8.t. x € [x,X], Cx € [vy, v, | | | | | | |
i - » Single-level reformulation and iterative scenario reduction algorithm
gi(vy, vi) =maxy ¢, x, s.. x € [x,x]|, Cx € vy, V]
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