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Fig. 1. Plane wave incident on a lossy dielectric half-space.
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Fig. 2. Virtual element.
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Table 1.  Coefficients of numerical flux.
kg 7 Vi Vg
30 XU A ye+ zZet 1 1
(upwind flux) Ye 4+ Vet Ze + Zet Ye 4 Vet Ze + Zet
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HL, R g AR

SIBC

s Ay B A T SIBC 2K, /R 2 B gl 1
1B T BB
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Fig. 3. SIBC (Zg ).
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H1 H2
= 01 12 09
€1+ — go + —
] Jw

ki =w (61+?1>u1.
Jw

g DEEE B E SR EBR A 14 GHz, RS
B

(24)

en=2, pr =1, 0y =0.01l s/m, d = 2 mm
ey =1, por =1, 09 =0.2s/m, N =20. (25)

EFXH R BEUN Zr, W 5, DLFR S () 55355 A0
HE B85 5 S R BT S ARG

Incident wave

€05 MO k
o >
€1, M1, 01 n ld x
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Fig. 4. A conductive object with thin sheet.
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Fig. 5. TIBC (ZR).
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Fig. 6. Incident wave and reflected wave for one-dimension- /T_\
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o 0.6 Time/ns
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Fig. 7. Magnitude of the reflection coefficient for one-dimen- E 0.6
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Table 2.  Calculation parameters.
BIHULEE /m Y T (A it I /(1071 s) P ] /min BJriRiRzz/dB
DGTD (SIBC) 0.05 402094 0.328972 54 0.6237
DGTD (standard) 0.05 487677 0.328447 61 0.5836
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Table 3.  Calculation parameters.
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Abstract

Large-size conductive targets or coated targets are difficult problems in computational electromagnetics. In
general, these problems can be classified as multi-scale problems. Multi-scale problems usually consume a large
quantity of computational resources. A lot of efforts have been devoted to seeking for fast methods for these
problems. When the skin depth is less than the size of a conductive target, the tangential component of the
electric field and magnetic field over the surface of the target can be correlated by the surface impedance Z.
The Z is usually a complex function of the frequency, and it can be used to formulate an impedance boundary
condition (IBC) to describe iterative equations in time domain methods, avoiding the volumetric discretization
of the target and improving computational efficiency. This condition is commonly known as the surface
impedance boundary condition (SIBC). Similarly, for a conductor whose thickness is in the order of skin depth
or less, it also has high resource requirements, if the target is of direct volume discretization. The transmission
impedance boundary condition (TIBC) can be utilized instead of a coated object to reduce resource
requirements. Therefore, there is no need to discretize volume.

There are few studies on the IBC scheme by using the discontinuous Galerkin time-domain (DGTD)
method. Li et al. (Li P, Shi Y, Jiang L J, Bagc H 2015 IEEE Trans. Antennas Propag. 63 5686; Li P, Jiang L J,
Bagcw H 2015 IEEE Trans. Antennas Propag. 63 3065 ; Li P, Jiang L J, Bagc. H 2018 IEEE Trans. Antennas
Propag. 66 3590 ) discussed the IBC scheme by using the DGTD, which involves complex matrix operations in
the processing of IBC. In the DGTD method, numerical flux is used to transmit data between neighboring
elements, and the key to the IBC scheme in DGTD is how to handle numerical flux. We propose a DGTD
method with a simple form and matrix-free IBC scheme. The key to dealing with IBC in DGTD is numerical
flux. Unlike the way in the literature, the impedance Z is not approximated by rational functions in our study.
A specfic function Zr obtained after the derivation in this work is approximated by rational functions in the
Laplace domain through using the vector-fitting (VF) method, and its time-domain iteration scheme is given.
This approach avoids matrix operations. The TIBC and SIBC processing schemes are also given. The advantage
of the proposed method are that the upwind flux’s standard coefficients are retained and the complex frequency-
time conversion problem is implemented by the vector-fitting method. The one-dimensional and three-

dimensional examples also show the accuracy and effectiveness of our proposed method in this work.
Keywords: impedance boundary condition, vector-fitting method, discontinuous Galerkin time domain method
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