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Distributionally Robust Chance-

Constrained Volt/Var Optimalization 

(DRCC-VVO) model 

- Tractable reformulation of DRCC-

VVO model

Data-based uncertainty set: 

- Data enrichment method with 

smart meter and limited micro-PMU 

data

- Moment-based uncertainty sets of 

load and solar generation
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Deterministic problem

min
𝑥

𝑓(𝑥)

𝑠. 𝑡. 𝑔1 𝑥 = 0

𝑔2 𝑥 ≤ 0

Chance-constrained problem

min
𝑥

max
𝜉~ℙ∈𝒫

𝐸𝒫 𝑓(𝑥, 𝜉)

𝑠. 𝑡. 𝑔1 𝑥 = 0

ℙ 𝑔2 𝑥, 𝜉 ≤ 0 ≥ 1 − 𝜖

𝑉𝑚𝑖𝑛 ≤ 𝑉𝑖,𝜙,𝑡 ≤ 𝑉𝑚𝑎𝑥

ℙ 𝑉𝑖,𝜙,𝑡 − 𝑉𝑚𝑎𝑥 ≤ 0 ≥ 1 − 𝜖

ℙ −𝑉𝑖,𝜙,𝑡 + 𝑉𝑚𝑖𝑛 ≤ 0 ≥ 1 − 𝜖

𝜉: Uncertainty of loads and DERs

𝜖 : Tolerance rate

𝒟𝜉= 𝜉~ℙ ∈ 𝒫: 𝐸ℙ𝜉 𝜉 = 𝜇, 𝐸ℙ𝜉 𝜉𝜉
𝑇 = Σ

Moment-based ambiguity set

𝜇, Σ : Mean and covariance of loads 

and DERs uncertainties

ℙ 𝑎 𝑥 𝑇𝜉 + 𝑏(𝑥) ≤ 0 ≥ 1 − 𝜖

𝑎 𝑥 𝑇𝜇 + 𝑏 𝑥 +
1 − 𝜖

𝜖
Σ
1
2𝑎(𝑥)

2
≤ 0

Tractable distributionally robust 

chance constrained VVO model 

Data enrichment

• Step1. Gaussian process regression • Step2. Markov chain model

• Step3. Weights for SM and micro-

PMU data

• Step.4 Extract first two moment 

information of loads and DERs 

uncertainties 

Purpose: statistically uncover the uncertainties of load and DERs 

with SM and limited micro-PMU data

𝐺𝑃𝑅𝑠,1
∗ : 𝑃𝑎(𝑡) → 𝑃𝑢𝑝𝑝𝑒𝑟 (𝑡)

𝐺𝑃𝑅𝑠,2
∗ : 𝑃𝑎(𝑡) → 𝑃𝑙𝑜𝑤𝑒𝑟(𝑡)

𝑀𝐶𝑠
∗: 𝑃𝑡 𝑚− 2 , 𝑃𝑡(𝑚 − 1) → 𝒫𝑟(𝑃𝑡(𝑚))

𝑊𝑠 =
𝑊𝑠

′

σ
𝑠=1
𝑁𝑡 𝑊𝑠

′

𝑊𝑠
′ =

1

𝑁𝑐𝑁𝐶
𝑆

𝑖=1

𝑁𝑐


𝑗=1

𝑁𝐶
𝑆

𝑃𝑖 − 𝑃𝑗
𝑆 𝜇∗, Σ∗ = 𝑎𝑟𝑔min

𝜇,Σ
𝑓 𝜇, Σ; 𝑃𝑡(𝑚)
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• A real distribution feeder with

smart meters and micro-PMUs
• Extract mean and covariance

• Result comparison
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• Result comparison of data

enrichment methods
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