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Abstract 

Characteristic Mode Theory (CMT) was developed in the 1970’s, and witnessed as a surging research topic in 
the past two decades. It has become a popular tool for antenna design and target scattering control. However, 
the CMT module in current commercial software can handle only perfect-electrically-conducting (PEC) 
structures or lossless materials. In this talk, I will disclose some spurious mode issues for the CMT based on 
Surface Integral Equations (SIEs) or including lossy materials. As a result, some proper manners to define the 
Characteristic Modes (CMs) are suggested.  

As a new application paradigm, the CMs can play a valuable role in AI/ML-based Computational 
Electromagnetics (CEM). Take the scattering problem as an example. Because the CMs are independent of 
excitation/response, we can use them as a special kind of Inherent Features of a target, and train a Neural 
Network (NN) to extract them, which amounts to extract the impulse response of the target. When an excitation 
is given, the response can be computed rapidly using the obtained Inherent Features. Compared with the 
common AI/ML-based methods, this approach can avoid under- or over-fitting involving how many excitations 
are required to train the NN, and do not need to specify the scattering directions in the training stage. For on-
line computations, tens to hundreds of times faster than the traditional Method of Moments (MoM) are 
achievable.  
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