
simulation results. The properties of the two oscillation modes were 
obtained, including oscillation frequency, damping ratio, and mode 
shape.

Model Description
The 2000-bus synthetic Texas power grid model was used in this work. 
The model has been built from publicly available information by Texas 
A&M University [1]. As shown in Figure 1, the system has 8 areas, of 
which Area 5 is the load center. The red arrows indicate the power flow 
directions among these areas. There is a large power transfer from Area 7 
(Coast) and Area 8 (East) to Area 5 (North Central). 

      

Addition of Renewable Dynamic Models 
The main objective of this work is to compare the control performance of 
local POD and wide-area POD via IBRs. Since the original synthetic 
Texas power grid model has no dynamic models for IBRs, IBR dynamic 
models have been added to the network model. To facilitate the optimal 
actuator selection, at least one renewable generator in each zone of each 
area is considered. The IBRs are modeled using dynamic models devel-
oped under the Western Electricity Coordinating Council (WECC) 
Renewable Energy Modeling Task Force [2]. In particular, the IBRs are 
modeled using the following two modules: generator/converter model 

Introduction
In today’s interconnected power grids, low-frequency oscillations is a sig-
nificant issue that can limit the power transfer capability and even dete-
riorate power system security due to potential low-damped or even 
undamped oscillations. The increasing integration of renewable energy 
sources may create more severe, complex, and frequent oscillations. If not 
sufficiently controlled, these oscillations can lead to major blackout events 
that cost billions of dollars. Effective suppression of various oscillations is 
essential to maintain the secure and reliable operation of power grids. 

Typically, local controllers (e.g., power system stabilizers on generators) 
have been used to suppress these low-frequency oscillations. However, the 
retirement of conventional plants will result in insufficient stabilizing 
capability from the remaining generators, the location of which may also 
render them inappropriate to suppress these oscillations. Use of inverter-
based resources (IBRs) with appropriate controls to provide damping is 
envisioned as a solution to this challenge. Due to the power electronics 
interface with the grid, these devices can provide fast and flexible control 
that can outperform slower control provided by generators. 

This work investigated the potential of using IBRs as actuators of power 
oscillation damping (POD) control to suppress low-frequency oscilla-
tions. A synthetic Texas power grid model was used as the study system. 
The optimal observation signals were selected among local signals and 
remote signals. The control performance is validated and compared when 
using local signal and remote signals as the input of the controller. Also, 
the control performance of local POD and wide-area POD is compared 
under active power modulation and reactive power modulation. 

This report is organized as follows: The modal analysis of the synthetic 
Texas power grid model is introduced in Chapter 2. Chapter 3 presents 
the optimal observation signal selection and the optimal actuator selec-
tion for both wide-area POD and local POD on IBRs. The performance 
of the wide-area POD and local POD is validated and compared in 
Chapter 4. A summary and future work are given in Chapter 5, followed 
by references in Chapter 6. 

Modal Analysis of Synthetic Texas 
Power Grid Model  
In this chapter, modal analysis was conducted on the 2000-bus synthetic 
Texas power grid model. Two dominant oscillation modes were identified 
by using model based small-signal analysis and Prony analysis of dynamic 

Inverter Based Resource Power Oscillations Damping 
Control
Technical Brief — Transmission Operations & Bulk System Renewables and Distributed Energy Resources Integration

Figure 1. Area map of synthetic Texas power grid model.
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Small-Signal Analysis and Dynamic Simulations 
Small-signal analysis was conducted on the modified model in DSAtools/
SSAT to understand the dominant oscillation modes. The small-signal 
analysis results are given in Figure 2 and Table 2. There are two dominant 
oscillation modes in this model. One is between Area 4 and Area 7, whose 
oscillation frequency is 0.67 Hz, and the damping ratio is 5.10%. The 
other is between Area 1, 2, 3, 4, 5, west Area 8 and Area 7, east Area 8, 
whose oscillation frequency is 0.60 Hz, and the damping ratio is 6.31%. 

These two dominant oscillation modes were also verified by time-domain 
simulations. For a temporary three-phase fault applied at the line between 

Bus 4040 and Bus 4079, the bus frequency signals in Area 4 are oscillat-
ing against those in Area 7, as shown in Figure 3 (a). Similarly, for a 
temporary three-phase fault applied to the line between Bus 8030 and 
Bus 8158, the oscillation Mode 2 can be observed in Figure 3 (b). As 
given in Table 3, Prony analysis [3] of the bus frequency signals shows 
that the oscillation frequency and damping ratio obtained from Prony 
analysis are close to those results from model-based small-signal analysis.  

  

Table 1. IBRs added in synthetic Texas power grid model

Area & Zone IBR bus Capacity (MW)

Area 6 Zone 22 6069 500

Area 6 Zone 23 6214 500

Area 6 Zone 24 6266 500

Area 6 Zone 25 6006 500

Area 6 Zone 26 6051 500

Area 7 Zone 1 7098 500

Area 7 Zone 2 7422 500

Area 7 Zone 3 7179 500

Area 7 Zone 4 7005 500

Area 7 Zone 5 7389 500

Area 7 Zone 6 7406 500

Area 8 Zone 7 8046 500

Area 8 Zone 8 8077 500

Table 2. Small-signal analysis results in SSAT

Frequency (Hz) Damping ratio (%)

Mode 1 0.67 5.10

Mode 2 0.60 6.31

 (a) Mode 1 (b) Mode 2
Figure 2. Mode shape of two modes

(REGCAU2), and electrical control model (REECCU1). Typical param-
eters were used in this work.
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Optimal Observation Signal and 
Actuator Selection of POD Control
In this chapter, the optimal wide-area observation signal was selected for 
wide-area POD through IBR and synchronous generators. The selection 
of the optimal observation signal indicates the desired location of PMUs 
that will provide the input signal to the wide-area POD. Local IBR PODs 
will adopt the local bus frequency as the POD input signal. After select-
ing the optimal observation signals, the optimal actuator was chosen 
among renewables and synchronous generators in the synthetic Texas 
power system. Fast Fourier transform (FFT) analysis was used to select 
the optimal observation signal, while the residue method was utilized to 
select the optimal actuation signal [4-8].

Optimal Observation Signal and Actuator Selection 
for Wide-area POD Control

Optimal Observation Signal Selection for Wide-Area POD 
Control
The synthetic Texas power system includes a great number of candidate 
observation signals for oscillation mode analysis. However, since only 
some of them have good observability of both Mode 1 and Mode 2, in 
this work, FFT was adopted to select the optimal observation signals of 
the damping control loop by extracting the measurement signals to the 
frequency domain.

Fourier analysis converts sampling rate (or space) to frequency or vice 
versa. The FFT algorithm can rapidly compute such transformations by 
factorizing the discrete Fourier transform matrix into a product of sparse 
(mostly zero) factors. The function Y=fft(x) is given for vectors of length 
N by:

where 

is an N-th root of unity.

Different three-phase fault events at different locations were used to excite 
both modes. For each case, the normalized FFT results of each measure-
ment signal at the oscillation frequencies of the two modes are shown in 
Table 4 and Table 5. Based on the mode shape analysis, the green cells 
indicate one coherent group of generators, while the yellow ones indicate 
the other coherent group, in the opposite direction of the first one. The 
coherent oscillation groups of the two modes are shown in Figure 4 (a) 
and (b). To guarantee the best damping performance of both modes, the 
measurement signals with the largest magnitudes and the same oscillation 
shape are selected. The frequency difference between the two opposite 
oscillation sides is selected as the optimal observation signal for suppress-
ing the two modes. 

(a) Mode 1 (b) Mode 2
Figure 3. Bus frequency under three-phase temporary fault.

Table 3. Prony analysis results in PSS/E dynamic simulation

Frequency (Hz) Damping ratio (%)

Mode 1 0.67 6.22

Mode 2 0.63 8.70
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Table 4. FFT results of optimal wide-area observation signal selection under 
event in Zone 4

Bus Area & Zone 
Mode 1 

(0.67Hz, 6.1%)
Mode 2 

(0.63Hz,  8.5%)

1004 Area 1 Zone 9 0.09 0.08

1079 Area 1 Zone 9 0.10 0.08

2002 Area 2 Zone 11 0.14 0.11

2017 Area 2 Zone 10 0.11 0.09

3048 Area 3 Zone 27 0.10 0.08

3036 Area 3 Zone 28 0.05 0.06

4192 Area 4 Zone 19 1.00 0.89

4195 Area 4 Zone 20 0.37 0.34

4181 Area 4 Zone 21 0.66 0.73

5018 Area 5 Zone 12 0.12 0.10

5137 Area 5 Zone 13 0.10 0.08

5179 Area 5 Zone 14 0.12 0.09

5120 Area 5 Zone 15 0.09 0.08

5049 Area 5 Zone 16 0.14 0.11

5015 Area 5 Zone 17 0.14 0.11

5317 Area 5 Zone 18 0.13 0.10

6056 Area 6 Zone 22 0.09 0.10

6021 Area 6 Zone 23 0.04 0.06

6263 Area 6 Zone 24 0.18 0.17

6107 Area 6 Zone 25 0.04 0.05

6045 Area 6 Zone 26 0.09 0.10

7095 Area 7 Zone 1 0.03 0.03

7320 Area 7 Zone 2 0.12 0.12

7037 Area 7 Zone 3 0.10 0.11

7076 Area 7 Zone 4 0.12 0.12

7175 Area 7 Zone 5 0.10 0.11

7042 Area 7 Zone 6 0.08 0.08

8030 Area 8 Zone 7 0.09 0.09

8074 Area 8 Zone 8 0.15 0.12

Table 5. FFT results of optimal wide-area observation signal selection under 
event in Zone 8

Bus Area & Zone 
Mode 1 

(0.67Hz, 6.1%)
Mode 2 

(0.63Hz,  8.5%)

1004 Area 1 Zone 9 0.23 0.37

1079 Area 1 Zone 9 0.24 0.38

2002 Area 2 Zone 11 0.28 0.48

2017 Area 2 Zone 10 0.25 0.41

3048 Area 3 Zone 27 0.24 0.39

3036 Area 3 Zone 28 0.21 0.31

4192 Area 4 Zone 19 0.89 1.00

4195 Area 4 Zone 20 0.40 0.46

4181 Area 4 Zone 21 0.67 0.75

5018 Area 5 Zone 12 0.27 0.44

5137 Area 5 Zone 13 0.24 0.39

5179 Area 5 Zone 14 0.26 0.42

5120 Area 5 Zone 15 0.24 0.38

5049 Area 5 Zone 16 0.28 0.47

5015 Area 5 Zone 17 0.28 0.46

5317 Area 5 Zone 18 0.27 0.44

6056 Area 6 Zone 22 0.20 0.25

6021 Area 6 Zone 23 0.20 0.28

6263 Area 6 Zone 24 0.23 0.27

6107 Area 6 Zone 25 0.19 0.29

6045 Area 6 Zone 26 0.21 0.26

7095 Area 7 Zone 1 0.09 0.08

7320 Area 7 Zone 2 0.21 0.23

7037 Area 7 Zone 3 0.18 0.19

7076 Area 7 Zone 4 0.22 0.23

7175 Area 7 Zone 5 0.18 0.19

7042 Area 7 Zone 6 0.13 0.15

8030 Area 8 Zone 7 0.14 0.13

8074 Area 8 Zone 8 0.27 0.47
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As shown in the above two tables and coherent oscillation group figure, 
bus frequency 4192 in Area 4 Zone 19 has the maximum FFT magnitude 
for Mode 1 and Mode 2 on the same oscillation side, while bus frequency 
7076 in Area 7 Zone 4 has the maximum FFT magnitude for Mode 1 and 
Mode 2 on the opposite oscillation side. The frequency difference between 
bus 4192 and 7076 is selected as the optimal observation signal for wide-
area PODs.

Optimal IBR Actuator Selection for Wide-Area POD 
Control 
Different IBRs and synchronous generators have different controllability 
to the system oscillation modes. A method to analyze the sensitivity of all 
candidate actuators to the observation signal was developed to select the 
optimal actuation signals. 

The transfer function g{ij}(s) is obtained from the input ui to the output yj, 
and it can always be expressed as a sum of partial fractions of the form 

where Rk is the residue associated with the mode λk. The residue Rk pro-
vides an idea of how the mode λk is affected by the input ui and how vis-
ible it is from the output yj.Therefore, the residues are clear measures of 
joint controllability and observability of a particular oscillation mode. For 
this reason, residues are commonly used in damping oscillation analysis.

For most of the state-of-the-art research, the residues are computed 
directly from the state-space realization by using

where ∅k and ϕk are the right and left eigenvectors of the state matrix A, 
respectively, corresponding to the eigenvalue λk, c is the output vector and 
b is input vector of the state space model. 

Generally, the residues are complex numbers, and the optimal input-out-
put signal pair is given by the maximum value of the residue magnitude. 
Since the wide-area observation signals have been selected, the controlla-
bility of each actuator can be reflected by the residue magnitude. The 
IBRs or synchronous generators with the largest residues will be selected 
as the wide-area POD actuators.

The residue of IBR actuator is calculated between its active power/reactive 
power reference and the wide-area feedback signal. Table 6 lists the nor-
malized residue magnitude and phase angle of Mode 1 and Mode 2 for 
each candidate IBR actuator through active power modulation. As shown 
in the table, IBR 4153 with the highest magnitude at Mode 1 will be 
selected to control Mode 1. IBR 7422 with the highest magnitude at 
Mode 2 will be selected to control Mode 2.

 (a) Mode 1 (b) Mode 2
Figure 4. Coherent oscillation group of the two different modes.

0



EPRI Technical Brief 6 December 2021

Optimal Synchronous Generator Actuator Selection 
for Wide-Area POD Control 
The residue of each synchronous generator actuator is calculated between 
its voltage reference and the wide-area feedback signal. Table 7 lists the 
normalized residue magnitude and phase angle of Mode 1 and Mode 2 
for each candidate synchronous generator actuator. As shown in the table, 
generator 4030 with the highest magnitude at Mode 1 will be selected to 
control Mode 1. Generator 7208 with the highest magnitude at Mode 2 
will be selected to control Mode 2.

Table 6. Residue identification results of optimal IBR actuators for wide-area 
POD

IBR 
Bus

Area & Zone

Mode 1 Mode 2

Mag.
Angle 

(°)
Mag.

Angle 
(°)

1004 Area 1 Zone 9 0.2245 -176 0.2449 7

2127 Area 2 Zone 10 0.5102 -137 0.2245 50

2071 Area 2 Zone 11 0.2653 165 0.2245 -10

3081 Area 3 Zone 27 0.2244 -147 0.2445 40

3074 Area 3 Zone 28 N/A N/A 0.0816 -28

4183 Area 4 Zone 19 0.7347 -7 N/A N/A

4177 Area 4 Zone 20 0.3266 -8 N/A N/A

4153 Area 4 Zone 21 1 -5 N/A N/A

5238 Area 5 Zone 12 0.2857 -178 0.2857 4

5399 Area 5 Zone 15 0.2041 -158 0.2041 24

5243 Area 5 Zone 18 0.0816 162 0.0816 -11

6069 Area 6 Zone 22 N/A N/A 0.1224 -4

6214 Area 6 Zone 23 0.1837 -94 0.2041 66

6006 Area 6 Zone 25 0.1224 -54 N/A N/A

7098 Area 7 Zone 1 N/A N/A 0.1224 134

7422 Area 7 Zone 2 N/A N/A 0.3265 168

7170 Area 7 Zone 3 N/A N/A 0.2857 170

7005 Area 7 Zone 4 0.3878 164 N/A N/A

7389 Area 7 Zone 5 0.4082 149 N/A N/A

8077 Area 8 Zone 8 0.4082 -153 0.3673 39

Table 7. Residue identification results of optimal synchronous generator 
actuators for wide-area POD

Gen. 
Bus

Area & Zone
Mode 1(0.67Hz ) Mode 2 (0.63Hz)

Mag Ang(°) Mag Ang(°)

1072 Area 1 Zone 9 N/A N/A 0.0702 -88

2075 Area 2 Zone 11 0.2105 -112 0.2281 73

3106 Area 3 Zone 28 N/A N/A N/A N/A

4192 Area 4 Zone 19 0.2982 84 N/A N/A

4026 Area 4 Zone 20 0.1930 100 N/A N/A

4030 Area 4 Zone 21 0.4386 126 N/A N/A

5058 Area 5 Zone 12 0.2105 -70 0.2281 110

5360 Area 5 Zone 13 0.8947 14 1 -158

5382 Area 5 Zone 14 N/A N/A N/A N/A

5302 Area 5 Zone 16 0.2281 -30 0.2631 155

5067 Area 5 Zone 17 0.2807 -80 0.2807 101

5262 Area 5 Zone 18 0.1228 -132 0.1228 54

6145 Area 6 Zone 22 0.1228 90 N/A N/A

6214 Area 6 Zone 23 0.0351 -152 0.0175 49

6274 Area 6 Zone 24 N/A N/A N/A N/A

6078 Area 6 Zone 25 N/A N/A 0.0175 -126

6051 Area 6 Zone 26 N/A N/A 0.0175 105

7099 Area 7 Zone 1 N/A N/A 0.0351 -175

7422 Area 7 Zone 2 N/A N/A N/A N/A

7353 Area 7 Zone 3 N/A N/A 0.0175 -115

7208 Area 7 Zone 4 0.1667 164 0.2807 -100

7389 Area 7 Zone 5 0.1754 149 0.2631 -99

7406 Area 7 Zone 6 N/A N/A N/A N/A

8071 Area 8 Zone 7 0.1053 -27 0.1228 154

8129 Area 8 Zone 8 0.1579 -130 0.1579 58
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Optimal Actuator Selection for Local IBR POD 
Control
Different from wide-area PODs, local PODs will adopt the local bus fre-
quency difference as its feedback signal. Table 8 lists the normalized resi-
due magnitude and phase angle of Mode 1 and Mode 2 for each candi-

date local IBR actuator. As shown in the table, IBR 4153 with the highest 
magnitude at Mode 1 will be selected to control Mode 1. IBR 8077 with 
the highest magnitude at Mode 2 will be selected to control Mode 2.

POD Control Design and Perfor-
mance Assessment
POD Controller Structure
In this work, the POD controller is based on the lead-lag structure, which 
consists of a washout block, a filter, two phase compensation blocks, a 
gain block, and a rate limiter [9-13]. Figure 5 illustrates the block dia-
gram of the POD controller. The input signal of POD is a selected wide-
area frequency difference or local bus frequency. The rate limiter is set to 
be 1 p.u./s to avoid the rapid change of active/reactive power output. 

The electrical model of IBR in this study consists of generator/converter 
model (REGCAU2) and electrical control model (REECCU1) in PSS/E. 
Active power modulation control command from POD is added as an 
auxiliary signal to Paux to the REECCU1 model to modulate the active 
current of the IBRs, as shown in Figure 5 (a). To guarantee the effective-
ness of active power modulation, the IBRs are set to have 200MW out-
put, below their nominal capacity. Reactive power modulation control 
command from POD is added to pfaref to modulate the power factor of 
the IBRs, as shown in Figure 6 (b). Variables PfFlag, VFlag, and QFlag are 
set to be 1. 

Table 8. Residue identification results of optimal IBR actuators for local POD

Bus Zone Area

Mode 1 Mode 2

Mag.
Angle 

(°)
Mag.

Angle 
(°)

 1004 Area 1 Zone 9 0.2778 170 0.2778 7

2127 Area 2 Zone 10 0.3333 -170 0.3889 17

2071 Area 2 Zone 11 N/A N/A 0.1667 30

3081 Area 3 Zone 27 N/A N/A 0.3333 -15

3074 Area 3 Zone 28 N/A N/A N/A N/A

4183 Area 4 Zone 19 0.7778 -8 N/A N/A

4177 Area 4 Zone 20 N/A N/A N/A N/A

4153 Area 4 Zone 21 1.0000 -6 N/A N/A

5238 Area 5 Zone 12 N/A N/A 0.3333 4

5399 Area 5 Zone 15 0.1667 -166 0.2222 -5

5243 Area 5 Zone 18 0.1111 180 0.0556 10

6069 Area 6 Zone 22 N/A N/A 0.0556 0

6214 Area 6 Zone 23 N/A N/A N/A N/A

6006 Area 6 Zone 25 N/A N/A N/A N/A

7098 Area 7 Zone 1 N/A N/A N/A N/A

7422 Area 7 Zone 2 N/A N/A 0.1111 -33

7170 Area 7 Zone 3 N/A N/A 0.1111 -30

7005 Area 7 Zone 4 N/A N/A 0.1667 -40

7389 Area 7 Zone 5 0.0556 -79 N/A N/A

8077 Area 8 Zone 8 0.5000 39 0.5000 0

Figure 5. POD Structure
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POD Control Design Method
The time constant Tw of the washout block is 10s. The transfer function 
of the filter is [13]: 

where ωn is the oscillation frequency of the targeted mode. Q is the qual-
ity factor, which is usually set to be 1.

The compensation phase and gain are the key parameters that determine 
the controller performance, and should be carefully designed. When 
modulating active/reactive power of IBRs, the compensation phase and 
gain can be calculated based on the transfer function of the power system 

model. The transfer function can always be transformed as a sum of par-
tial fractions of the form 

where Rk is the residue associated with the mode λk. The residue Rk pro-
vides an idea of how the mode λk is affected by the input u and how vis-
ible it is from the output y.

According to Rk associated with the inter-area oscillation mode λk, the 
compensation angle of POD should satisfy

 (a) Active power modulation of IBRs with POD

(b) Reactive power modulation of IBRs with POD

Figure 6. Diagram of active/reactive power modulation of IBRs with POD
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and the amplitude should satisfy

where ωn and ζk are the frequency and damping ratio of the dominant 
inter-area oscillation mode. ζ* is the expected damping ratio. 

The parameters of K(s) can be calculated with the following equations:

POD was implemented in Python and integrated with PSS/E for the grid 
simulation.

Wide-Area POD Control Design with Active/
Reactive Power Modulation of IBR

Wide-Area POD Control Design with Active Power 
Modulation of IBR
Based on the optimal observation signal selection results in Chapter 3, the 
wide-area POD with active power modulation of IBR in the synthetic 
Texas power grid will adopt the bus frequency difference between Area 4 
and Area 7 (f4-f7) as its feedback signal. The parameters of PODs are 
calculated according to the method introduced in POD Control Design 
Method. Table 9 lists the parameters of the wide-area POD controllers for 
modulating the active power of renewable generator 4153 and 7422. The 
active power modulation amplitude is usually limited within ±10% [14].

Wide-Area POD Control Design with Reactive Power 
Modulation of IBR
Similar to PODs for active power modulation of IBRs, the wide-area 
POD with reactive power modulation of IBR in the synthetic Texas 
power grid will adopt the same bus frequency difference signal between 
Area 4 and Area 7 (f4-f7) as its feedback signal. 

Table 10 lists the parameters of the wide-area POD controllers for modu-
lating the reactive power of renewable generator 4153 and 7422. Accord-
ing to Figure 6 (b), the reactive power modulation maximum amplitude 
is set to be Lim_Q_WADC = atan (Qmax/Pelec).

Local IBR POD Control Design with Active/Reactive 
Power Modulation 

Local IBR POD Control Design with Active Power Modulation 
Local POD in the synthetic Texas power grid will adopt the local bus 
frequency as its feedback signal. Table 11 lists the parameters of the local 
POD controllers for modulating the active power of renewable generator 
4153 and 8077. The active power modulation amplitude is usually lim-
ited within ±10%.

Local IBR POD Control Design with Reactive Power 
Modulation
Similar to local POD for active power modulation of IBRs, the local 
POD with reactive power modulation of IBR in the synthetic Texas 
power grid will adopt the same local bus frequency as its feedback signal. 

Table 12 lists the parameters of the local POD controllers for modulating 
the reactive power of renewable generator 4153 and 8077. 

Table 9. Parameters of wide-area PODs with active power modulation

POD location Tw (washout) Wn (filter) K (control gain) T1 (phase shift) T2 (phase shift) Lim_P_POD (limiter)

4153 10 4.21 145 0.2375 0.2375 0.1

7422 10 3.96 -281 0.2806 0.2275 0.1

Table 10. Parameters of wide-area PODs with reactive power modulation

POD location Tw (washout) Wn (filter) K (control gain) T1 (phase shift) T2 (phase shift) Lim_P_POD (limiter)

4153 10 4.21 -2041 0.2083 0.2709 0.5693

7422 10 3.96 8000 0.2255 0.2830 0.9601
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Wide-Area POD Control Design through 
Synchronous Generator
To ensure the oscillations can still be damped even when renewables are 
out of service, wide-area POD through synchronous generators are also 
developed as the backup of PODs through IBRs. Based on the optimal 
actuator selection results, the WADC parameters for synchronous genera-
tors G4030 and G7208 are listed in Table 13.

Local IBR and Wide-Area POD Control Performance 
Comparison 
To validate the POD damping performance on both Mode 1 and Mode 
2, an event in Area 4 (three-phase temporary fault at Line 4040-4079) 
which can excite Mode 1 and an event in Area 8 (three-phase temporary 

fault at Line 8030-8158) which can excite both Mode 1 and 2 are simu-
lated with different types of PODs. 

Wide-Area POD Control Performance Comparison between 
Active and Reactive Power Modulation of IBR
Figure 7 (a) and (b) show the bus frequency in Zone 4 without and with 
wide-area IBR POD control under the two different events. Both Mode 
1 and Mode 2 can be damped through wide-area IBR POD control with 
active and reactive power modulation. The detailed Prony analysis results 
are listed in Table 14. Compared with Q modulation, P modulation is 
more effective to support the system recovery to the steady state. Wide-
area IBR POD control output with P and Q modulation under the event 
in Area 4 is shown in Figure 8.

Table 11. Parameters of local PODs with active power modulation

POD location Tw (washout) Wn (filter) K (control gain) T1 (phase shift) T2 (phase shift) Lim_P_POD (limiter)

4153 10 4.21 196 0.2375 0.2375 0.1

8077 10 3.96 -308 0.2526 0.2526 0.1

Table 12. Parameters of local PODs with reactive power modulation

POD location Tw (washout) Wn (filter) K (control gain) T1 (phase shift) T2 (phase shift) Lim_P_POD (limiter)

4153 10 4.21 4290 0.1823 0.3096 0.5693

8077 10 3.96 8100 0.1819 0.3509 1.0000

Table 13. Parameters of Wide Area POD through Synchronous Generator

POD location Tw (washout) Wn (filter) K (control gain) T1 (phase shift) T2 (phase shift) Lim_P_POD (limiter)

4030 10 4.21 -30 0.4114 0.1371 0.1

7208 10 3.96 -546 0.1178 0.5418 0.1

 (a) Temporary fault at Line 4040-4079 (b) Temporary fault at Line 8030-8158
Figure 7. Wide-area IBR POD control performance comparison between P and Q modulation

0



EPRI Technical Brief 11 December 2021

Local IBR POD Control Performance Comparison between 
Active and Reactive Power Modulation
Figure 9 (a) and (b) show the bus frequency in Zone 4 without and with 
local IBR POD control under the two different events. From this figure, 
both Mode 1 and Mode 2 can be damped through local IBR POD con-
trol with active and reactive power modulation. The detailed Prony analy-

sis results are listed in Table 14. Compared with Q modulation, P modu-
lation is more effective to support the system recovery to the steady state. 
Local IBR POD control output with P and Q modulation under the 
event in Area 4 is shown in Figure 10.

 (a) P & Q output of IBR with wide-area POD via P modulation

(b) P& Q output of IBR with wide-area POD via Q modulation
Figure 8. Wide-area IBR POD control output through P and Q modulation under event in Zone 4
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Wide-Area and Local POD Control Performance 
Comparison through Active Power Modulation of IBR
Figure 11 (a) and (b) show the bus frequency in Zone 4 with local or 
wide-area IBR POD control through active power modulation under the 
two different events. Compared with local feedback signal, wide-area IBR 
POD control has a slightly better damping performance on Mode 2. 
Note though that communication delays have not been considered in this 
work. 

Wide-Area and Local POD Control Performance 
Comparison through Reactive Power Modulation of IBR
Figure 12 (a) and (b) show the bus frequency in Zone 4 with local or 
wide-area IBR POD control through reactive power modulation under 
the two different events. Compared with local feedback signal, wide-area 
IBR POD control has a slightly better damping performance on Mode 2.

Performance Comparison between Wide-Area POD Control 
through IBR and Synchronous Generator
Figure 13 (a) and (b) show the bus frequency in Zone 4 with POD 
through synchronous generator and wide-area IBR POD control through 
active/reactive power modulation under the two different events. Com-
pared with POD through synchronous generator, wide-area IBR POD 
control through P modulation is more effective than POD through syn-
chronous generator. Wide-area IBR POD control through Q modulation 
has similar damping performance as POD through synchronous genera-
tor. Detailed Prony analysis results can be seen in Table 14.  

Performance Comparison between Local IBR POD Control 
and Wide-Area POD Control through Synchronous 
Generator
Figure 14 (a) and (b) show the bus frequency in Zone 4 with POD 
through synchronous generator and wide-area IBR POD control through 
active/reactive power modulation under the two different events. Com-
pared with POD through synchronous generator, wide-area IBR POD 
control through P modulation is more effective than POD through syn-
chronous generator.   Wide-area IBR POD control through Q modula-
tion has similar damping performance as POD through synchronous 
generator. Detailed Prony analysis results can be seen in Table 14.  

Summary Table of POD Control Performance with Different 
Types of POD
The POD performance on damping Mode 1 and Mode 2 for all cases is 
listed in Table 14, including wide-area IBR POD through active/reactive 
power modulation, local IBR POD through active/reactive power modu-
lation, and wide-area POD at synchronous generators. Compared with 
POD through synchronous generator, wide-area and local IBR POD 
control through active power modulation are more effective than wide-
area POD through synchronous generators. Wide-area IBR PODs 
through reactive power modulation has similar damping performance as 
wide-area PODs at synchronous generators. The PODs at IBRs and syn-
chronous generators can back up with each other to support the system 
small-signal stability.

 (a) Temporary fault at Line 4040-4079 (b) Temporary fault at Line 8030-8158
Figure 9. Local IBR POD control performance comparison between P and Q modulation
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 (a) P & Q output of IBR with local POD via P modulation

(b) P & Q output of IBR with local POD via Q modulation
Figure 10. Local IBR POD control output through P and Q modulation under event in Zone 4
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 (a) Temporary fault at Line 4040-4079 (b) Temporary fault at Line 8030-8158
Figure 11. Wide-area and local IBR POD control performance comparison through active power modulation

 (a) Temporary fault at Line 4040-4079 (b) Temporary fault at Line 8030-8158
Figure 12. Wide-area and local IBR POD control performance comparison through reactive power modulation

Figure 13. Performance comparison between wide-area POD control through IBR and wide-area POD control through synchronous generator
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Summary 
Wide-area and local POD controllers through IBRs were designed in the 
synthetic Texas power grid model using a measurement-driven transfer 
function model. The POD performance was validated to improve the 
small-signal stability by simulations in PSS/E. A summary of the tasks 
performed are listed below:

1. Small-signal analysis was conducted to understand the oscillation 
mode properties in the synthetic Texas power grid. There are two dom-
inant modes (Northeast to South Mode and West to East Mode). 
These two modes were confirmed by time-domain simulations under 
different disturbances.

2. The bus frequency difference between Area 4 and Area 7 was selected as 
the optimal observation signal of the wide-area POD controller. Local 
POD adopts the local bus frequency signals as its feedback signal.

3. The optimal IBR actuators for the wide-area POD are IBR 4153 in 
Area 4 and IBR 7422 in Area 7. The optimal synchronous generator 

actuators for the wide-area POD are generator 4030 in Area 4 and IBR 
7208 in Area 7. The optimal IBR actuators for the local POD are IBR 
4153 in Area 4 and IBR 8077 in Area 7. 

4. The measurement-driven approach was used to design the POD con-
troller with active and reactive power modulation of IBRs. Either 
active or reactive power modulation of IBRs through wide-area and 
local POD can suppress the two dominant oscillations effectively. 

5. PODs through active power modulation of IBRs are more effective 
than reactive power modulation of IBRs on suppressing the oscilla-
tions. Compared with wide-area PODs, local PODs can get the similar 
damping performance.

6. Compared to PODs through synchronous generators, PODs through 
active power modulation of IBRs can damp the oscillations more 
quickly. PODs through reactive power modulation of IBRs can achieve 
similar damping performance as PODs through synchronous 
generators.

Figure 14. Performance comparison between local POD control through IBR and wide-area POD through synchronous generator

Table 14. Prony analysis results for different types of PODs

POD Type Actuator
Mode 1 Mode 2

Frequency (Hz) Damping (%) Frequency (Hz) Damping (%)

No POD N/A 0.670 6.22 0.630 8.70

Local POD through P IBR (4153 & 8077) 0.726 12.71 0.610 >20

Local POD through Q IBR (4153 & 8077) 0.706 8.00 0.613 15.32

Wide-area POD 
through P

IBR (4153 & 7422) 0.702 15.00 0.600 >20

Wide-area POD 
through Q

IBR (4153 & 7422) 0.712 9.64 0.596 17.09

Wide-area POD
Synchronous Generator 

(4030 & 7208)
0.689 10.36 0.595 18.08
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