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and a subsequent comparison of coefficients with (4) as
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tnmβm
, n= 1, . . . ,M (10)

or in matrix-vector notation

γ = Tβ . (11)

Having determined γ, expansion (4) can be set up and com-5

pared to the current JHIRF.

2.2.2 Two- or three-dimensional DUT

In two or three dimensions the HIRF weighting coefficients
are transformed into separate DCI weighting coefficients
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z
for each cartesian current component. For this10

purpose, the matrices (6) are split into V H
x ,V
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z and
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n . This yields transformation matrices
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and weighting coefficients15
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by which the cartesian current components are expanded as
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They can be combined to JD = [JD
x ,J

D
y ,J

D
z ]T , which equals20

the seeked approximation (4) of the surface current JHIRF.
Figure 3 summarizes the overall basis transformation al-

gorithm implemented in MATLAB based on Characteristic
Mode data of HIRF and DCI setups provided by CST. Hav-
ing determined the DCI expansion JD, its goodness of ap-25

proximation to the reference current JHIRF can be analyzed
in a last step.

3 Test setups and DUT properties

The outlined basis transformation is applied to three canon-
ical DUTs (straight wire, rectangular plate, circular cylin-30

der) modelled as PEC in HIRF and DCI configuration for

HIRF setup DCI setup

CST

Characteristic Mode Analysis
⇒ β,JH

n ,J
D
n

Transformation matrix
T ≈ (V D)−1V H (8)

Transformation matrices
Ti ≈ (V D

i )−1V H
i , i= x,y,z (12)

MATLAB
Basis transformation
γ = Tβ (11)

Basis transformations
γ

i
= Tiβ, i= x,y,z (13)

DCI expansion
JD =

∑M
n=1 γn

JD
n (4)

DCI expansions
JD

i =
∑M

n=1 γn,i
JD
n,i, i= x,y,z (14)

1D problem 2D/3D problem

Comparison
JD ≈ JHIRF ???

Figure 3. Determination of suitable DCI surface currents from
Characteristic Mode data of HIRF and DCI setups.

fH = fD, see Fig. 4. Each HIRF setup consists of an infi-
nite PEC ground plane placed 1 m beneath the DUT. It is
exposed to a plane wave with an amplitude of |Ei|= 1V/m
and a polarization angle of 45° at two exemplary frequen- 35

cies fH
1 = 50MHz and fH

2 = 100MHz for which the DUT
appears electrically large (resonance region), such that a suf-
ficient number of Characteristic Modes is excited (Blevins,
2006). The corresponding DCI setup vertically connects the
DUT to this ground plane by one injection and one termi- 40

nation adapter, either having a characteristic impedance of
Zinj = Zterm = 50Ω.

Figure 4. Canonical test objects in HIRF and DCI configuration.

The number of Characteristic Modes N(f) present on all
three test objects in free space is illustrated in Fig. 5 for
modes fulfilling sn ≥ 0.1. Due to low-frequency instabilities 45




