
Sandia National Laboratories is a multimission laboratory managed and operated by National 
Technology &Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell 
International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration 
under contract DE-NA0003525.
SAND2022-_____

Visualizing the Inter-Area Modes of the
Western Interconnection

References

Authors
Dr. Ryan Elliott, rtellio@sandia.gov

Dr. David Schoenwald, daschoe@sandia.gov

Electric Power Systems Research

Sandia National Laboratories, Albuquerque, NM, USA

Acknowledgment
The authors would like to thank Dr. Daniel 

Trudnowski, Dr. James Follum, and Dr. John Pierre for 

their feedback on this visualization approach. This 

work was supported by the U.S. Department of  

Energy Office of  Electricity Advanced Modeling Grid 

Research Program under the guidance of  Dr. Ali 

Ghassemian.

This poster presents a visualization technique for 

incorporating eigenvector estimates with geospatial 

data to create inter-area mode shape maps. For each 

point of  measurement, the method specifies the radius, 

color, and angular orientation of  a circular map 

marker. These characteristics are determined by the 

elements of  the right eigenvector corresponding to the 

mode of  interest. The markers are then overlaid on a 

map of  the system to create a physically intuitive 

visualization of  the mode shape. This technique serves 

as a valuable tool for differentiating oscillatory modes 

that have similar frequencies but different shapes.
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Fig. 1. Mode shape maps for NS-A (left) and B (right).  

Fig. 2. Compass plots for NS-A (left) and B (right).  

Comparison
Fig. 1 shows the shapes of  the dominant modes of  the 

interconnection, North-South A and B, generated using 

our method. The polar (compass) plots for the same 

data set are shown in Fig. 2. The geospatial information 

promotes physical intuition about the modes.

Reference Angle Selection
We solve the following optimization problem to 

determine the reference angle:

minimize
ഥ𝜃𝑖∈Θ𝑖

෍
𝑙∈ℒ

𝑣𝑖𝑙
2 sin(𝜃𝑖𝑙 − ҧ𝜃𝑖) ,

where the feasible set is Θ𝑖 = 𝜃𝑖1, … , 𝜃𝑖𝑛 .

The area of  each marker is proportional to the 

normalized oscillation amplitude:

𝜋𝑟 ෤𝑣𝑖𝑙
2 = 𝜅 ෤𝑣𝑖𝑙 ⇒ 𝑟 ෤𝑣𝑖𝑙 = 𝜅 ෤𝑣𝑖𝑙 /𝜋 .

This serves to make markers at locations with smaller 

amplitudes easier to discern on the map.

Marker Scaling
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