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Inverter-dominated microgrids (IDMs) require models like 

DER_A for transmission and distribution studies. Traditional 

parameter estimation (PE) methods face challenges with 

nonlinear dynamics. This work uses a Moving Horizon 

Estimation for PE, enabling stability analysis of IDM dynamics.

This research focuses on IDMs modeling grid voltage support 

functions using the parameterized DER_A model. The figure 

illustrates the key components of the DER_A model to be used, 

including terminal voltage 𝑉𝑡𝐹𝑖𝑙𝑡 (𝑆0), reference reactive current 

𝐼𝑞 (𝑆3), and grid current Impd/Impq (S10, S11). The seven key 

parameters are 𝑇𝑟𝑣, 𝑘𝑞𝑣, 𝑑𝑏𝑑1, 𝑑𝑏𝑑2, 𝑇𝑔, 𝑅𝑒, and 𝑋𝑒.

A smooth representation of the DER_A model from prior 

research provides the relevant state equations:
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Smooth functions to model saturation and dead-band effects 

are used. 𝐿 and 𝑈 set the limits and β fine-tuning saturation.
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Smooth Mathematical Representation

Two states for impedance current and a resistance parameter 

𝑅𝑒 were added, updating the state equations for 𝐸𝑑 and 𝐸𝑞. 

MHE is an online optimization method for estimating states 

and parameters. Given system state 𝑥𝑘 ​, input 𝑢𝑘, unknown 

parameter 𝑝, and output 𝑦𝑘 ​, the system is represented by 

discrete-time state and output equations 𝑓 and ℎ.

min
ො𝑥𝑘,𝑝,𝑤𝑘

 σ𝑘=𝑞−𝐿
𝑞

𝑦𝑘 − ℎ(𝑥𝑘 , 𝑝) 𝑉
2                                                                  

Subject to: 𝑥𝑘+1 = 𝑓 𝑥𝑘 , 𝑢𝑘 , 𝑝 + 𝑤𝑘  
    𝑝𝑚𝑖𝑛 ≤ 𝑝 ≤ 𝑝𝑚𝑎𝑥

𝑆𝐷𝐵𝐹𝐿′
𝑈′

𝑥 = 𝑥 − 𝑆𝑆𝐹𝐿
𝑈 𝑥

A system with three IDMs connected to a medium-voltage 

substation was simulated in MATLAB/Simulink. The model 

runs at 100μs, with MHE sampling at 5ms and a 10-

timestep horizon, using 300MVA power and 12.47kV.

Simulation Setup

Results and Analysis

Conclusions
This study validated the parameterized DER_A model 

through an IDM simulation. The model accurately 

represents current and power dynamics with a fit over 

97%. Small discrepancies in current coupling had minimal 

impact, confirming the model's suitability for large-scale 

IDM analysis at both distribution and transmission levels.

Figure compares the current, the active and reactive power  

outputs, between the IDM and the parameterized DER_A 

model. During the simulation, the voltage at the MV 

substation was perturbed between 0.92p.u. and 1.08p.u

where 𝐼𝑞𝑣 =  𝑘𝑞𝑣𝑆𝐷𝐵𝐹𝑑𝑏𝑑1
𝑑𝑏𝑑2 𝑉𝑟𝑒𝑓 − 𝑆0

Smoothing factor

Parameter Suggested Estimated State Fit (%)

𝑇𝑟𝑣 0.02 𝑠 0.00277 𝑠

𝑆10 50.7245
𝑘𝑞𝑣 5 𝑝. 𝑢. 15.1277 𝑝. 𝑢.

𝑑𝑏𝑑1 −0.05 𝑝. 𝑢. −0.0191 𝑝. 𝑢.
𝑑𝑏𝑑2 0.05 𝑝. 𝑢. 0.0200 𝑝. 𝑢.

𝑇𝑔 0.06 𝑠 0.0079 𝑠
𝑆11 97.9008𝑅𝑒 𝑁/𝐴 0.0931 𝑝. 𝑢.

𝑋𝑒 0.2 𝑝. 𝑢. 0.1724 𝑝. 𝑢.
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