
1	 Introduction

With the increasingly higher operation frequency of the 
computers integrated in electric/electronic instruments, the 
need for measuring spatial radiation from these devices, 
electromagnetic interference (EMI), has become increas-
ingly urgent. In line with this trend, a CIPSR (Comité in-
ternational spécial des perturbations radioélectriques) 
regulation on the allowance level and measurement 
method of radiation noise at high frequencies (≧1 GHz) 
has accepted as international standard [1]. In Japan, a 
VCCI regulation (applicable to the frequency range from 
1 to 6 GHz) entered into force in Oct. 2010 [2]. This regu-
lation stipulates the use of linearly polarized wave antennas 
for EMI measurement: the most widely used types include: 
DRGA (Double-ridged guide antenna) and LPDA (Log-
periodic dipole array antenna) (see Fig. 1). These are espe-
cially suited for EMI measurement because of the wide 
frequency coverage (1–18 GHz) with a single antenna.

As a prerequisite for EMI measurement, knowledge of 
basic parameters — antenna factor and actual gain — is 
essential. To determine these parameters, two calibration 
methods — the three-antenna method and the reference 
antenna method (see Subsection 3.2) — are used: radio 
propagation characteristics between transmitting and re-
ceiving antennas are measure in a fully anechoic room.

However, the calibration of DRGA, LPDA, and other 
antennas that extend in one direction, using the three-
antenna method, may produce different results depending 
on the definition of distance between antennas (i.e. which 

spatial point of the transmitting and which spatial point of 
the receiving antenna are counted for the antenna distance). 
In addition, the reference antenna method also has an is-
sue: in the case where the shape of the standard antenna 
(STD) and the antenna under calibration (AUC) do not 
coincide, calibration may give discrepancies depending on 
the parts of the antennas that were replaced.

One way to resolve such problems is to ensure a large 
enough distance between the transmitting- and receiving 
antennas, so that their size becomes negligible. Generally, 
however, it is a tall order to provide such a large fully 
anechoic room that accommodates a very long distance 
between antennas. Some researchers have proposed the use 
of an open area test site for calibration [3][4], but it is more 
convenient if calibration can be performed in an fully 
anechoic room with a size comparable to that used in EMI 
measurements.

For antennas with relatively simple structures, several 
methods have been proposed to correct the measured re-
sults gained using the short distance between antennas with 
theoretical calculations and simulation results [5][6]. Other 
methods have also been proposed to correct the distance 
between antennas, in which an apparent radiation point 
(phase center) is calculated for use in the correction [7]–[9]. 
These corrective methods, however, pose problems regard-
ing the validity of theoretical calculations and numerical 
simulations. The more complex the antenna structure be-
comes, the more difficult it becomes to accurately evaluate 
detailed size measurements for data input. Numerical 
simulations may produce differences in outcome depend-
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ing on the modeling method, and on the number of seg-
mentations. For example, the antenna shown in Fig. 1 (c) 
defies numerical simulation because its invisible element 
structure makes it practically impossible to gain detailed 
size measurements. An attempt to determine the phase 
center from measurements requires a sufficient distance 
between antennas, rendering the need for a large fully 
anechoic room.

In this paper, we examine the validity of a method to 
determine the actual gain of antennas, which is capable of 
being conducted in a small anechoic chamber with a 
comparable size to that used in EMI measurements. In 
specific terms, the S-parameter (S21) between the transmit-
ting- and receiving antennas is measured at different dis-
tances to evaluate distance properties, to which an 
extrapolation technique is applied to estimate the value at 
an infinitely large distance between antennas. Actual gain 
can be calculated from this value [10].

2	 Actual gain and antenna factor

The gain of an antenna is defined as the ratio of two 
power density values, e.g. the power density of radiation 
emitted toward a given direction from the antenna under 
calibration, and that from the standard antenna [11]. The 
ratio is called “absolute gain” if the standard antenna used 

is of isotropic emission characteristic, and “relative gain” 
in other cases. For relative gain measurements, half-wave 
dipole antennas are often used as the standard antenna. 
Other measures include directivity, which is calculated 
based on the total energy emitted in all directions from the 
antenna, and “actual gain” which takes mismatching factors 
between the antenna and feeder line into consideration.

Gain (Ga), directivity (Gd), and actual gain (Gw) are 
mutually correlated as shown in the following equations, 
where η and M represent the radiation efficiency and return 
loss, respectively. Mutual relationships among them are also 
shown schematically in Fig. 2.
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Fig.F 2　Relations connecting gain to antenna factor
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Fig.F 1　EMI antennas used for microwave bands
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Where, the reflection loss M is expressed as:
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  � (2)

And, Γin represents the reflection coefficient of the antenna 
defined by the following equation.
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Where, Zin represents the input impedance of the antenna, 
and Z0 represents the characteristic impedance of the 
power feeder line to the antenna (real value). If the an-
tenna is loss-free (100% radiation efficiency), and with 
perfect impedance matching (Γin=0), the three values, ac-
tual gain, gain, and directivity, all coincide.
In view of the fact that the majority of actual EMI measure-
ments are made using Z0 =50 Ω coaxial cables and measur-
ing devices, the following paragraphs describe the method 
to determine actual gain at Z0 =50 Ω (the standard an-
tenna is assumed to be isotropic).

At Z0 =50 Ω, the relation between active gain and an-
tenna factor (Fa) is expressed as follows [11]-[13].
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Normally, active gain and antenna factor are expressed in 
dB. Therefore, by taking the common logarithm of both 
sides, and then multiplying them by 20, the following rela-
tion is obtained.

22.30log20[dBi]  [dB(1/m)]  GHz10wa  fGF  � (5)

Where, fGHz is the frequency represented in GHz. By using 
the antenna coefficient, as in the case of EMI measurement 
in the range below 1 GHz, reception field strength E can 
be determined by substituting the received voltage V in the 
following relation.

][dB  [dB(1/m)]  V/m)][dB(  a  VFE   � (6)

3	 Calibration in far field

The calibration methods applicable in cases in which 
the distance between the transmitting and receiving anten-
nas is large enough are described in [14]. In recent years, 
a vector network analyzer (VNA) is often employed for 
calibration, typically for S21 measurement between the trans-
mitting and receiving antennas. This paper assumes calibra-
tion that involves S21 measurement, and lists and describes 
the equations required. In conventional calibration that 
employs both a signal generator and receiver, substitutions 
of P0 and P1 into the following equation gives S21.
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Where, P0 represents the received power through direct 
connection, and P1 represents the received power through 
radio wave transmission (i.e. transmitting and receiving 
antennas are connected). This equation holds only if the 
following conditions are satisfied: reflection from the signal 
generator (ΓG) and receiver (ΓL) are both zero, and the 
characteristics (loss) of the adaptor used for direct cable 
connection are properly compensated.

3.1	 Reference antenna method
The reference antenna method is a generally and 

widely used antenna calibration technique, in which the 
AUC (antenna under calibration for determining actual 
gain (Gw)) is replaced by the STD with known Gw (STD) 
for comparative measurements. The STD has been cali-
brated in a superior calibration laboratory and its actual 
gain is written in the certification (“calibration certifica-
tion,” “calibration results,” etc.). In VNA-based calibration 
procedures (see Fig. 3), S21(STD) is first measured by 
placing STD at a sufficiently large distance from the trans-
mitting antenna, and then the STD is replaced by AUC for 
S21(AUC) measurement. Actual gain, Gw(AUC), can be 
determined by comparing these two values.
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Measurements are taken normally in dB. In this case, the 
multiplications become simple addition operations.
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In Figure 3, STD and AUC are replaced in a way so that 
the aperture surfaces of the two antennas coincide. In many 
cases, however, the apertures differ in form, producing a 
configuration problem as to what portion of these antennas 
should coincide spatially. Even if the STD and AUT have 
a common shape, this fortunate situation does not guaran-
tee that the distance between antennas is sufficient: an 
inappropriate distance setting may lead to uncertain results. 
A well-known criterion for achieving far-field condition is 
a distance between antennas of 2D2/λ, where D is the an-
tenna aperture diameter, and λ is the wavelength. However, 
it varies depending on such factors as the shape of the 
antenna and required level of uncertainty. For example, 
even if the two antennas have common aperture size D, 
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differences in size and shape along the transmission direc-
tion make additional considerations necessary for optimum 
results.

3.2	 Three-antenna method
The three-antenna method is characterized by using 

three antennas, all with unknown actual gain, to determine 
the three actual gain values simultaneously. To achieve this 
goal, S21 measurements are made between the transmitting 
and receiving antennas in three combinations of the anten-
nas. As shown in Fig. 4, two antennas are selected out of 
the three, one for transmitting and one for receiving, to 
measure S21 between them.

From the three measurements thus performed, the 
actual gain for antenna #1, for example, is determined 
using the following equation.
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Where, S21(j, i) means the S21 as determined when radio 
waves are transmitted from antenna #i to antenna #j.

Measurements are taken normally in dB. In this case, 
the multiplications become simple addition operations.
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Where, the following relation is utilized, and c represents 
the speed of light.
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The third term in the right side of Equation (11) indicates 
that the calculation needs input of distance between anten-
nas d. The distance between antennas, d, in Fig. 4 is il-

lustrated simply as the between apertures. In actual 
situations, however, there is always ambiguity as to how d 
should be defined — i.e. from which part of the transmit-
ting to which part of receiving antenna. The d is defined 
often as distance between apertures in view of convenience 
of measurement operations, but this may result in biased 
actual gain and uncertainties in calibration results.

4	 Estimation of propagation characteristics 
by means of extrapolation

For antennas with spatial extension along the direction 
of transmission, as described up to this point, improper 
setting of the distance between antennas, d, may produce 
doubtful results. As a solution to this problem, an estima-
tion method by extrapolation has been proposed and is 
adopted in national standardization organizations for me-
trology around the world. In this method, transmission 
characteristics at infinity are extrapolated based on the 
distance characteristics determined based on the S21 mea-
surements taken at relatively small distance between anten-
nas.

Let us consider taking S21 measurements using the 
configuration shown in Fig. 5 (a), in which a pair of 
transmitting and receiving antennas are facing each other 
at a relatively small distance. Four ports are defined as 
follows: port #0; transmitting antenna’s connector, port #1; 
a plane at the aperture position of the transmitting an-
tenna, port #2; a plane set up at the aperture position of 
the receiving antenna, and port #3; receiving antenna’s 
connector. When S21 measurements are taken using VNA, 
it gives distance characteristics between port #0 and port 
#3. Note here that that the positions of port #1 and port 
#2 do not need to exactly coincide with the aperture surface 
of the antennas: for example, the distance d may be the 

Fig.F 3　Reference antenna method
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interval between the two reference markings that indicate 
the distance between antennas. Figure 5 (b) is a signal flow 
diagram illustrating how the signal flows from port #0 to 
port #3.

Where, T and R represent characteristics of the trans-
mitting and receiving antennas, respectively. Taking mul-
tiple reflections into consideration, S21 can be expressed 
using the following equation [10].
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In view of the property of spatial propagation characteris-
tic (between port #1 and port #2) that it is inversely pro-
portional to d, this relation can be transformed into the 
following format by multiplying both sides by d, and then 
by taking the square.
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The first constant term A0 on the right side is the product 
of T and R squared (both are characteristic values of 
transmitting and receiving antennas), indicating that it 
does not depend on the distance.
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The value of the constant A0 can be determined by extend-
ing the distance between antennas d to infinity, which is, 
however, impossible in actual situations. We have to esti-
mate the value from measurements performed at finite 
distance between antennas. To achieve this goal, we con-
sider the following polynomial and apply least square re-
gression fitting using a series of S21(d) data measured at a 
different distance between antennas, d.
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Figure 6(b) shows an example of measured results. In this 
example, measurements were taken at 3 GHz, and at a 
series of inter-aperture surface distances d. The experiment 
used the same type of antenna (ETS-Lindgren: type 3115), 
see Fig. 1 (a)), for both the transmitting and receiving 
antenna. The measured values are plotted against 
|S21 (d)∙d|2(vertical axis) and (1/d) (horizontal axis), and the 
polynomial shown in Equation (16) is fitted to this plot 
while changing its order. The distance between antennas is 
smaller as the graph approaches the right end and greater 
as it approaches the left end. Therefore, the search for A0 
at an infinitely large distance between antennas is equiva-

Fig.F 5　Propagation model between antennas
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lent to calculating the intercept of the regression curve.
As seen from Fig. 6 (b), each regression curve tends to 

converge to a constant value as it moves to the left 
(greater distance between antennas).

One problem here is the selection of polynomial order 
for obtaining the optimum regression model. The selection 
depends on such factors as the shape of the antenna, 
measurement frequency, and the settings of the distance 
between antennas for obtaining data (higher order is re-
quired as the distance becomes smaller). F-test [10] and 
AIC [15] may be useful for determining the order. Another 
approach is to select the order that minimizes uncertainty 
of calibration [16][17]. Figure 6 (c) indicates that the A0 
value converges as the order of regression curve increases. 
As seen from this plot, for the specific antenna pair that 
features distance characteristics shown in Fig. 6 (b), a third 
order polynomial gives sufficient accuracy. Note that a 
too-high polynomial order may cause the regression curve 
to behave peculiarly, resulting in a dubious A0 value.

4.1	 Reference antenna method based on 
extrapolation technique

Two sets of distance dependency data for S21 are mea-
sured — one between the transmitting antenna and STD, 
and the other between the transmitting antenna and AUC 
(see Fig. 7) — and A0(STD) and A0(AUT) are estimated 
respectively by extrapolation technique. The actual gain of 
the AUC is obtained by substituting these two values into 
the equation below.
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Equation (17) can be rewritten as follows, if the values are 
expressed in dB.
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Where,
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This is equivalent to situation where the STD and AUC 
replacements take place at infinitely separated locations 
from the transmitting antenna. Therefore, the effects caused 
by positional errors, as described in 3.1, do not occur.

4.2	 Three-antenna method with extrapolation 
technique

A generalized version of three-antenna method, which 
is applicable even if one of the three is a circularly-polarized 
antenna, is described in references [10]. There are many 
cases, however, where it is apparent that all of the three are 
linearly-polarized antennas. In such cases, the following 
equations can determine the actual gain using the measure-
ments gained from a simplified experimental configuration 
(see Fig. 8), in which the antennas are so arranged that 
their planes of polarization coincide.
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If the measurements are expressed in dB, the equations can 
be rewritten as:
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It is easy to see that these sets of Equations (19) and (20) 
do not contain any distance term d, indicating that the 
problems involving the distance between antennas are 
eliminated.
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Fig.F 7　Reference antenna method with extrapolation technique
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5	 Calibration results

In this section, some of the calibration results gained 
from the “reference antenna method with extrapolation 
technique” and the “three-antenna method with extrapola-
tion technique” are presented to illustrate the validity of 
these techniques. In all the experiments, two types of 
DRGA (ETS-Lindgren type 3115 and 3117: see Fig. 1) are 
operated at a range of frequencies from 1 GHz to 18 GHz.

The calibrations were performed in a semi-anechoic 
chamber (internal dimensions: 8 m (L) × 6 m (W) × 5.5 
m (H)) without covering the ground plane with radio wave 
absorbers as shown in Fig. 9. The transmitting and receiv-
ing antennas are set at the height h = 2 m, configured for 
horizontally-polarized wave measurements, and distance 
between antennas (d: between the aperture planes) were 
adjusted in the range from 6 cm to 4 m at 1 cm increments 
using an antenna positioner. The S21 measurements were 
taken using a network analyzer (VNA) that had been cali-
brated by the SOLT calibration method.

In reference [10], an antenna sweeping range from 
0.2(a2/λ) to 2(a2/λ) is recommended, where a represents the 
aperture diameter of the antenna. Assuming a=30 cm 
(aperture diameter of the two DRGAs used in this paper), 
the distance between antennas (between the aperture 
planes) was determined as shown in Table 1.

Note that the maximum distance was limited to 4 m, 
and the values shown in parentheses in Table 1 indicate 
those recommended in reference [10]. The maximum scan 
distances meet the recommended values up to the fre-
quency 6 GHz, but fall short of going beyond them. We 
decided to use the following 3rd order polynomial as the 
regression model in all cases.
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5.1	 Calibration using the reference antenna 
method with extrapolation technique

In the experiments carried out in a large fully an-
echoic room, DRGA3117 was used as the STD, which had 
been calibrated using Equation (11) — the distance between 
the transmitting and receiving antennas (one aperture 
plane to the other) was assumed to be 15.1 m. DRGA 3117 

Fig.F 8　Three-antenna method with extrapolation technique
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Fig.F 9　Antenna calibration in a semi-anechoic chamber
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Values in parentheses indicate those recommended in reference [10]

Freq.
GHz

Starting distance
m

Ending distance
m

1 0.06 0.6
3 0.18 1.8
6 0.36 3.6
9 0.54 4.0 (5.4)

12 0.72 4.0 (7.2)
15 0.90 4.0 (9.0)
18 1.08 4.0 (10.8)
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was also used as the transmitting antenna. Figure 10 il-
lustrates the measurement results obtained at 1 GHz, 
6 GHz, and 18 GHz, where the horizontal axis represents 
(a2/λ) and vertical axis |S21 (d)∙d|2. The distance d indicates 
that between aperture planes. In this figure, the points 
shown in ● (red) and △ (green) represent the measured 
data, and the regression curve calculated from these data 
is plotted in a solid line. It can be seen that the value in 
the horizontal axis (|S21 (d)∙d|2) converges to a certain 
value (i.e. A0) as the distance d increases.

Actual gain can be determined from the set of A0 values 

obtained at each frequency (see Fig. 11). Actual gain thus 
calculated is shown in Fig. 11 (a), and comparison with the 
results from the large fully anechoic room experiment is 
shown in Fig. 11 (b).

In the case where DRGA 3115 is uses as AUC as shown 
in △ (green), deviation becomes large at frequencies ex-
ceeding 14 GHz. The discrepancy can be ascribed to, in 
addition to insufficient sweep range, the following charac-
teristic peculiar to DRGA 3115: it shows maximum direc-
tivity at different directions than its frontal direction. Due 
to this directivity characteristic, the effect of reflected waves 
from the surroundings has distance dependency, resulting 
in erroneous estimation of A0. In contrast, in the experi-
ments that use DRGA 3117 (with maximum directivity at 
its frontal direction) as AUC, interpolation from the 
measurement points (● (red)) concludes correct actual 
gain values even in cases with a seemingly insufficient 
antenna sweeping extent.

In the experiments that used DRGA 3115, deviation 
becomes relatively large at the frequency range below 
2 GHz. As is apparent from Fig. 10 (a), this deviation in 

Fig.F 10	 Measurement results of S21 and estimated A0 (reference 
antenna method)
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(c) Fig.F 11	 Calibration results of the reference antenna method with 
extrapolation technique
(a) Actual gain, (b) Differences as compared with the results 
from large fully anechoic room experiments
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estimation can be interpreted as due to the effect of mul-
tiple reflections between the transmitting and receiving 
antennas, and reflected waves from the ground plane. In 
addition, too small a number of measurement points may 
have exerted some effect. However, the experiments which 
used DRGA 3117 showed smaller deviation under the same 
conditions. This can be ascribed to the fact that STD and 
AUC are of the same shape, enabling them to cancel out 
various inadvertent effects.

From the results described above, in the case where 

DRGA 3117 is used both as AUC and STD, calibration with 
extrapolation shows a good agreement with the those 
performed in a large fully anechoic room (within -0.3 dB 
and +0.2 dB in all frequencies). Also, the experiment that 
used DRGA 3115 showed agreement within -0.7 dB and 
+0.7 dB. If we focus on the narrower range between 1 and 
6 GHz, the deviation falls within -0.3 and +0.1 dB for 
DRGA 3117 experiments, and within -0.4 and +0.7 dB for 
DRGA 3115 experiments.

5.2	 Calibration using three-antenna method with 
extrapolation technique

Calibration using the three-antenna method with ex-
trapolation technique was performed using combinations 
of three DRGA 3117s and three DRGA 3115s.

Figure 12 illustrates the measurement results obtained 
at 1 GHz, 6 GHz, and 18 GHz, where the vertical axis 
represent |S21 (d)∙d|2 and the A0 is evaluated from the ex-
perimental results (Fig. 13 shows the actual gain for an-
tenna #1). The plots of points (● (red) and △ (green)) in 
Fig. 13 (a) indicate the results gained using extrapolation 

Fig.F 12	 Measurement results of S21 and estimated A0 (three-
antenna method)
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(c) Fig.F 13	 Calibration results using three-antenna method with 
extrapolation technique
(a) Actual gain, (b) Differences as compared with the results 
from large fully anechoic room experiments

0

5

10

15

20

0 5 10 15 20

A
ct

ua
l G

ai
n 

 [d
Bi

]

Frequency  [GHz]

3117

3115

-2

-1

0

1

2

0 5 10 15 20

D
iff

er
en

ce
   

[d
B]

Frequency   [GHz]

3117
3115

(a)

(b)

Title:J2016E-02-05-04.indd　p113　2017/03/01/ 水 10:29:57

113

2-5-4 ﻿﻿Calibration of EMI Antennas for Microwave Frequency Bands by the Extrapolation Technique



calculations, and the solid lines show the calibration results 
obtained in the large fully anechoic room - Equation (11) 
is used assuming the inter-aperture planes distance 
d = 15.1 m. Figure 13 (b) plots deviation from the calibra-
tion results obtained in the large fully anechoic room. The 
deviation falls within the range between -0.5 to +0.5 dB for 
DRGA 3117, and -0.8 to +0.6 dB for DRGA 3115 except 
for the case with frequency 18 GHz. If we focus on the 
narrower range between 1 and 6 GHz, the deviation falls 
within -0.5 and +0.4 dB for DRGA 3117 experiments, and 
within -0.2 and +0.6 dB for DRGA 3115 experiments. The 
larger deviation observed at 18 GHz can be ascribed to 
insufficient sweeping distance as can be seen from Fig. 12 
(c). Shorter sweeping distance, as compared to the cases 
with 1 GHz and 6 GHz, seems to hinder proper extrapola-
tion, shifting the estimation of A0 too far on the smaller 
side.

6	 Consideration of uncertainties

Uncertainties contained in the calibration results can 
be expressed by means of extended uncertainty estimation 
(level of confidence approx. 95 %), the magnitude of which 
is evaluated by synthesizing factors of uncertainty using 
Equations (22) and (23)[18]. In these equations, the mag-
nitude of sensitivity is not explicitly written because they 
are all unity. Uncertainties of frequency are not written 
either, because they are known to be extremely small when 
compared with other uncertainty factors.

Uncertainty involved in the reference antenna method 
with extrapolation technique is evaluated using the follow-
ing equation (synthesis of each uncertainty factors).

       2dB
0

2dB
0

2dB
w

dB
w (STD)(AUC)(STD)(AUC) AuAuGuGu   

� (22)
Where,

 (AUC)dB
wGu  ：Uncertainty of AUC Gw

 (STD)dB
wGu  ：Uncertainty of STD Gw

 (AUC)dB
0Au  ：Uncertainty of A0 involved in AUC-

transmitting antenna combination
 (STD)dB

0Au  ：Uncertainty of A0 involved in STD-
transmitting antenna combination

Uncertainty involved in Gw of the three-antenna 
method with extrapolation is evaluated by synthesizing 
uncertainty factors using the following equation. This 
equation technique is commonly applicable to antenna #1 
to antenna #3.

       2dB
0

2dB
0

2dB
0

dB
w (3,2)(3,1)(2,1)

2
1 AuAuAuGu   

� (23)
Where,

 )(dB
0 j,iAu    Uncertainty of A0 associated with antenna 

#i and antenna #j combination
The values evaluated using Equations (22) and (23) are 

standard uncertainty: extended uncertainty (level of confi-
dence approx. 95 %) is normally used for expressing un-
certainty, which is calculated by multiplying a coverage 
factor k=2.

In the reference antenna method, as well as in the 
three-antenna method, uncertainty contained in A0 estima-
tion propagates in the process of actual gain evaluation.

For both methods — the reference antenna method that 
includes the process of enlarging distance between anten-
nas, and the three-antenna method — the factors affecting 
the uncertainty of A0 evaluation include: performance of 
VNA, effect of unwanted reflected waves from the sur-
rounding environment, effect of deviation from the planned 
antenna positions, repeatability and reproducibility. In 
addition, uncertainty evolving from the use of extrapola-
tion technique needs to be considered. In specific terms, 
such factors as positional deviation due to moving the 
antenna and sweeping, twisting and extending of the cables, 
and the use of least-square method to determine the regres-
sion curve can add uncertainties. These are the new factors 
to be considered that are not present in the conventional 
reference antenna method and three-antenna method. In 
terms of the least-square method to determine A0, the order 
selection of the regression polynomial, the number of 
measurement points, and antenna sweeping distance need 
to be reviewed carefully as the source of uncertainty.

Therefore, it should be noted that there may be a case 
where the use of extrapolation presents no merit — i.e. the 
uncertainty gained by assuming that the distance between 
antennas is already large enough is clearly smaller than that 
obtained using extrapolation technique. For example, in the 
case where STD and AUC are of the same shape, the use 
of extrapolation technique in the reference antenna 
method often provides little benefit.

7	 Conclusion

In this paper, we reviewed methods applicable to ac-
tual gain calibration of two types of DRGA used in EMI 
measurement in frequencies larger than 1 GHz, and verifies 
that the two methods — the reference antenna method 
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with extrapolation technique and the three-antenna 
method with extrapolation technique — provide a way for 
practical DRGA calibration in a small semi-anechoic 
chamber with no need to cover its bare metallic floor.

Extrapolation technique proved to be an excellent tool 
that enables calibration without the need for a large mea-
surement site, and eliminates the complicated problem of 
distance between antennas — i.e. from which part of the 
transmitting to which part of the receiving antenna should 
be defined as the distance between antennas. It certain 
cases, however, uncertainty resulting from extrapolation of 
distance characteristics curve (gained from antenna sweep-
ing experiments) becomes so significant that it makes 
calibration without use of extrapolation technique a more 
favorable choice. The authors continue research toward 
quantitative evaluation of the uncertainty involved in ex-
trapolating measured data, and to propose techniques ap-
plicable to DRGA calibration without the need for a large 
fully anechoic room. The authors are also planning to ex-
amine the technique’s applicability to other types of anten-
nas such as LPDA.
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