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Abstract

Reverberation chamber (RC) is a new testing environment in the field of electromagnetic compatibility measurement. Compared
with the traditional testing environments, the RC has obvious advantages in improving testing efficiency and generating high
E-field strength with relatively low input power. However, there are inconsistent problems in the test results of the radiation
sensitivity threshold of the equipment in the reverberation chamber and the uniform field environment obtained by using the test
methods in the current standards. Therefore, studying the equivalence of radiation sensitivity thresholds between the two has
become a hot issue at present. Since most frequency-using devices in the electromagnetic environment can be equivalent to an
antenna, in this paper, the dipole antenna under the compound field of the boundary deformation reverberation chamber and the
uniform field of the anechoic chamber (AC) is taken as the research object to study the equivalence of antenna coupling power
under these two conditions. Firstly, the coupling models in the anechoic chamber and reverberation chamber environments were
established. The formulas for the antenna coupling power and the spatial radiation field strength under different radiation
conditions were derived, and the power correlation coefficients of the two under the same sensitivity threshold were obtained.
Subsequently, the electromagnetic environment of the reverberation chamber was constructed by using the Monte Carlo method,
and the influence law of random plane waves with different column numbers on the coupling power of the antenna was simulated
and analyzed. Finally, the equivalence factor of the coupling power of the two when the threshold of the radiation sensitivity test
is the same in the reverberation chamber and the anechoic chamber is obtained.
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1. Introduction

With the rapid advancement of information technology, aircraft is for electronic equipment, 45% of the cost of mis-
the level of electronation in weapon systems has been con-  siles is for electronic equipment, and as high as 88% of the
tinuously improved. According to statistical data from the  cost of command-and-control systems is for electronic
U.S. military, the proportion of electronic equipment in the  equipment [1]. Although the increase in electronation has
cost of various weaponry is as follows: 35% of the cost of  significantly enhanced the performance and combat effec-
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tiveness of weaponry, it has also made this equipment more
dependent on the electromagnetic environment and much
more sensitive to electromagnetic interference (EMI). In
battlefield environments, intense electromagnetic fields gen-
erated by radars, communication systems, and television
transmission towers often cause electronic and electrical
equipment or systems to malfunction, resulting in perfor-
mance degradation or even damage, which may lead to seri-
ous accidents or disasters. For example, during the Rus-
sia-Ukraine conflict, the Russian military used electronic
warfare systems to counter the precision-guided munitions
launched by the Ukrainian military. The hit rate of the
Ukrainian "Excalibur" guided projectiles dropped sharply to
less than 10%, and the Ukrainian military was eventually
forced to abandon the use of these projectiles. Some elec-
tronic equipment of the Chinese military have also been fre-
quently affected by strong electromagnetic environments
during tests and exercises, leading to accidents and disrupt-
ing the normal progress of exercises [2, 3]. This indicates
that the electromagnetic interference resistance of some elec-
tronic equipment of the Chinese military needs to be en-
hanced. Therefore, before weaponry is finalized, delivered
from the factory, and put into use, electromagnetic perfor-
mance testing must be conducted to improve its an-
ti-interference capability and ensure its stability and adapta-
bility in battlefield electromagnetic environments, especially
in strong electromagnetic fields.

Electromagnetic Environmental Effects (E3) Test is usu-
ally conducted in anechoic chambers or open fields using
direct electromagnetic wave irradiation to evaluate its elec-
tromagnetic radiation sensitivity. However, common Elec-
tromagnetic Compatibility (EMC) testing sites such as open
fields, TEM cells, GTEM cells, and anechoic chambers have
limitations: they can only simulate a single electromagnetic
field environment with specific radiation directions and po-
larization angles, and cannot simulate the complex electro-
magnetic environment formed by multiple reflections of
electromagnetic waves in cabins. For electronic systems in-
stalled in various shielded cabins, such as UAV data link
systems and navigation systems, their operating environment
is a cabin electromagnetic environment, which is character-
ized by uneven spatial distribution of the electromagnetic
field, random polarization modes, and the difficulty in accu-
rately quantifying the electric field distribution, which is due
to internal loads and body boundaries. It is unscientific and
inaccurate to use traditional test methods based on continu-
ous wave direct irradiation in open fields or shielded rooms
for their electromagnetic radiation sensitivity testing.

As a new type of testing site, the reverberation chamber
has the following advantages: high quality factor (Q-factor),
enabling the acquisition of high field strength in a large test
space with relatively low input power (saving power ampli-
fier costs), generating a statistically uniform and randomly
polarized field, and eliminating the need to rotate the equip-
ment under test (EUT), thus saving test time. In view of the
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advantages of the reverberation chamber method in simulat-
ing  the in-cabin  electromagnetic ~ environment,
GJB151B-2013 classifies the reverberation chamber method
as an alternative method for radiation sensitivity testing.
However, there is an inconsistency in the equipment radia-
tion sensitivity test results between the reverberation cham-
ber and the uniform field environment [4, 5].

2. Literature Review

Therefore, the research on the correlation of equipment E3
tests between reverberation chamber and anechoic chamber
environments has long been a hot topic at home and abroad.
In 1999, John M. Ladbury et al. conducted a theoretical
comparison between the power received by an antenna in the
reverberation chamber and that in the anechoic chamber in
their literature and analyzed the ratio of the power received
by an antenna when the average electric field in the rever-
beration chamber is equal to that in the anechoic chamber.
This ratio is related to the number of independent stirs (n) in
the reverberation chamber and the directivity coefficient of
the EUT in the anechoic chamber [6]; In 2003, L. Musso et
al. studied the repeatability of radiation immunity tests in
reverberation chambers. Immunity tests were conducted in
three reverberation chambers of different sizes, and it was
found that the test repeatability in reverberation chambers
was good. The test data from the three reverberation cham-
bers were compared and analyzed with those from the ane-
choic chamber. They also studied the correlation formula
based on the characteristics of the maximum field and con-
cluded that the correlation is related to the ratio of the max-
imum power to the average power in the reverberation
chamber [7]; In 2005, Roberto De Leo et al. compared the
reverberation chamber test results when the number of inde-
pendent samples was 8 and 150, respectively. They believed
that a larger number of independent samples makes it easier
to approach the true sensitivity value. They also compared
the reverberation chamber test results with 150 independent
samples and the anechoic chamber test results when the di-
rectivity coefficient of the EUT was 1, and found that there
was a 2 dB difference between the reverberation chamber
method and the anechoic chamber method. They also em-
phasized the importance of the EUT's directivity coefficient
in the anechoic chamber [8]; In 2006, Craig W. Fanning
conducted reverberation chamber and anechoic chamber
immunity tests on automobiles in accordance with different
test standards (GMW3097, MIL-STD-461E, 1S011452-2).
He found that the test results of the two chambers (reverber-
ation chamber and anechoic chamber) were inconsistent,
with differences of approximately 1.5 dB between the results
obtained in accordance with different standards. He also ver-
ified through experiments that the installation of a ground
plane in the reverberation chamber does not affect the corre-
lation between the two tests [9]; In 2012, Christo Tsigros et
al. analyzed the use of source stirring mode and frequency
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stirring mode for immunity tests in reverberation chambers.
Tests were conducted using source stirring modes (one with
an antenna array and the other with a moving antenna), and
the results were compared with those of immunity tests in the
anechoic chamber. It was found that the test results under the
two source stirring modes were in good agreement, and when
the test results under the two source stirring modes were
compared with those of immunity tests in the anechoic
chamber, the results were more consistent at low frequencies
(800-1600 MHz) but showed larger differences at high fre-
quencies [10]; In 2013, Emmanuel Amador et al. proposed a
new test method and used it to conduct immunity tests in a
reverberation chamber and a GTEM cell. The test results
showed that the sensitivity of the equipment obtained in ac-
cordance with the IEC6100-4-21 standard fluctuated signifi-
cantly, while the results obtained using the proposed method
were in good agreement with those from the GTEM cell [11];
In 2014, Emmanuel Amador et al. compared the immunity
test results of the reverberation chamber method and the an-
echoic chamber method based on previously described
methods. They concluded that the immunity test results of
the EUT obtained by the reverberation chamber method
would be in good agreement with those obtained by the ane-
choic chamber method only when the electrical size and
complexity of the EUT meet certain requirements; if the
electrical size or complexity does not meet the requirements,
the test results between the two methods would deviate sig-
nificantly [12].

Domestic research on the correlation of E3 test results
between the reverberation chamber and the anechoic cham-
ber environments is relatively limited, and the existing liter-
ature only qualitatively analyzes the reasons for the differ-
ences based on experimental results. In 2008, Wang Xiang-
dong only proposed a possible solution in his literature: first,
establish circuit models for different types of tested equip-
ment to study the correlation between radiation immunity
tests, and then identify the laws of correlation between the
two radiation immunity tests through experiments [13]; In
2010, Jia Rui conducted research on the correlation of radia-
tion immunity tests between reverberation chambers and
GTEM cells, and used the Pearson product-moment correla-
tion coefficient (a measure of linear correlation) to evaluate
the correlation of the radiation immunity test results between
them, indicating that the test results of the reverberation
chamber were in good correlation with those of the GTEM
cell [14]; In 2012, Zhang Bo et al. showed through experi-
ments that the immunity test results of the reverberation
chamber and the anechoic chamber were in good agreement
without any conversion [15]; In 2013, Liu Xinyuan et al.
found through experiments that the minimum sensitivity
threshold of the equipment measured at different sampling
points at each test frequency was close to the sensitivity
threshold measured under open field conditions [16]; In 2014,
Kan Depeng, Jia Cuixia, et al. presented the test results under
the two conditions and analyzed that the main reason for the
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differences in the test results was that the field in the rever-
beration chamber is statistical and discrete, with no temporal
accumulation, while the field in the anechoic chamber is
applied continuously, with temporal accumulation [17]; In
2015, Wei Guanghui, Liu Xinyuan, Sun Yongwei, et al. con-
ducted correlation research on the test results of the rever-
beration chamber and the anechoic chamber in their literature
and found that the correlation was good when the minimum
or average value of the sensitivity threshold was taken as the
research object, but poor when the maximum value was tak-
en [18]; In 2015, Wang Rongsheng conducted sensitivity
tests in the reverberation chamber with different numbers of
independent samples and compared the sensitivity results
with those from the anechoic chamber. He believed that the
sensitivity value from the reverberation chamber test was
lower than that from the anechoic chamber test, and the
magnitude of the difference was related to the number of
independent samples (N) used in the reverberation chamber,
the frequency (f), and the directivity coefficient (D) of the
EUT [19].

Summarizing the above research status at home and
abroad, the theoretical analysis on the correlation of equip-
ment E3 tests between reverberation chamber and anechoic
chamber environments is mainly concentrated abroad. How-
ever, to date, theory cannot be applied to resolve the differ-
ences between the two tests. The reason is that the correla-
tion analysis of the two tests is not yet mature, and there are
still undetermined unknown factors that require further re-
search.

Based on previous domestic and international research,
this paper addresses the current situation where the electro-
magnetic environmental effect sensitivity thresholds differ
between reverberation chambers and anechoic chambers.
Taking the UAV data link under the composite field of a re-
verberation chamber with boundary deformation and the
uniform field of an anechoic chamber as the research object,
this study investigates the equivalence of coupled power
under these two conditions. Firstly, coupled models for the
anechoic chamber and reverberation chamber environments
were established, and formulas for the relationship between
coupled power and spatial radiated field strength under dif-
ferent radiation conditions were derived, yielding the power
correlation coefficient when the sensitivity thresholds of the
two environments are consistent. Subsequently, the Monte
Carlo method was used to construct a simulated electromag-
netic environment for the reverberation chamber, and simu-
lation analysis was conducted to explore the influence law of
random plane waves with different numbers of columns on
coupled power. Finally, the equivalence factor of coupled
power between the reverberation chamber and the anechoic
chamber was obtained under the condition that the thresholds
of radiation sensitivity tests conducted in the two chambers
are consistent. Among the research contents, an innovative
equivalent test method for equipment sensitivity thresholds
under plane wave irradiation in a reverberation chamber is


http://www.sciencepg.com/journal/jeee

Journal of Electrical and Electronic Engineering

http://www.sciencepg.com/journal/jeee

proposed. For the first time, the correlation coefficient of
equipment sensitivity thresholds between reverberation
chamber and anechoic chamber environments was theoreti-
cally derived, simulated, calculated, and verified, with fur-
ther validation through experiments. This research outcome
holds significant importance for future equipment EMC test-

ing.

3. Coupling Models Established

In the anechoic chamber and reverberation chamber, the
equipment sensitivity threshold is determined by the magni-
tude of the coupling power when the equipment is interfered
with. Therefore, to establish the equipment coupling models
under the two conditions, it is first necessary to determine the
relationship between the equipment coupling power and the
field strength at its location. Since equipment in this envi-
ronment can be equivalent to a monopole antenna, an antenna
coupling model is used here for equivalent analysis.

3.1. Coupling Law of Monopole Antennas in
Anechoic Chamber Environment

Under the irradiation of a uniform plane wave with electric
field ET , the received power of the antenna is:

E% A2

n am

Pyc = D(f) ma-p-m 1)

3.2. Coupling Law of Monopole Antennas in
Reverberation Chamber Environment

Under Reverberation Chamber condition, the relationship
between the field strength in the reverberation chamber and
the received power of the EUT is [20]:

= 3lERP] 22
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where (*_| is the maximum value of *;

ceived power at the sensitive port of the EUT in the rever-
beration chamber; and E_ is the rectangular components of
the electric field in the reverberation chamber.

From Equations (1) and (2), the relationship between the
received power of the antenna in the reverberation chamber
and that in the anechoic chamber can be derived:

(2202).

The antenna radiation sensitivity is an inherent property of
the antenna itself. When the radiation sensitivity test levels
of the reverberation chamber and the anechoic chamber are
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consistent, i.e. E; =(EJ, the ratio of the received power of

the antenna in the reverberation chamber to that in the ane-
choic chamber is:

“P;Lc] _2 D(3f) 4 @)
RC

From Equation (4), it can be seen that if the directivity co-
efficient D(f) and polarization matching factor p of the
equipment in the anechoic chamber are known, the above
equation can be determined. In the anechoic chamber envi-
ronment, the polarization direction of the coupled electro-
magnetic wave of the equipment is generally kept consistent
with that of the transmitting antenna; therefore, p=1.

4. Simulation Analysis

Based on the above modeling analysis, we will verify the
theoretical calculation results through simulation. This paper
uses the plane wave superposition method to construct a re-
verberation chamber test field environment, which eliminates
the need for modeling and simulation of the reverberation
chamber and thus avoids the technical problem of huge sim-
ulation computation. Following this idea, this paper starts
from the plane spectrum and analyzes the method of setting
the parameters of the superimposed plane wave based on the
specific ideal reverberation chamber field environment. On
this basis, the coupling power of the tested equipment (EUT)
under the uniform field in the anechoic chamber and the
composite field in the reverberation chamber is calculated
jointly by using Matlab and FEKO software. Finally, the
correlation between the sensitivity thresholds of the rever-
beration chamber and the anechoic chamber is obtained when
the radiation sensitivity test level (i.e., internal electric field
strength) is consistent.

4.1. The Directional Coefficient of the Tested
Equipment Simulation

Equipment in electromagnetic sensitivity testing environ-
ments will couple energy from the surrounding electromag-
netic field, so this type of coupling device can be equivalent to
a receiving antenna, and a dipole antenna is the most common
type of antenna used in such studies. For the convenience of
research and analysis, we take the half-wave dipole as an
example to simulate and analyze the radiation sensitivity
threshold of the EUT. For a half-wave dipole antenna, its
radiation pattern in free space is shown in Figure 1, and the
relationship between its maximum directivity coefficient D(f)
and frequency is shown in Figure 2. The center frequency of
antenna is 400MHz, with a frequency range of 100-800MHz.
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Figure 1. 3D-Radiation Pattern of Dipole Antenna.
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Figure 2. Dipole Antenna D (f) vs. Frequency f.
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4.2. Equipment Radiation Sensitivity Simulation
in Anechoic Chamber

In an anechoic chamber, electromagnetic waves are uniformly
distributed, so the simulation of the radiation sensitivity thresh-
old of the EUT in the anechoic chamber can be regarded as
simulating the coupling energy of the EUT under the uniform
irradiation of a single plane wave in space. Due to the EUT being
equivalent to a dipole antenna, the simulation model of the dipole
antenna under single-wave irradiation is shown in Figure 3, and
the relationship between its coupling power P(f) and frequency f
in the 100-800MHz frequency band is shown in Figure 4.
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Figure 3. Simulation Model.
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Figure 4. Coupling Power P (f) vs. Frequency f.

4.3. Equipment Radiation Sensitivity Simulation
in Reverberation Chamber

As mentioned earlier, the construction of the electromag-
netic environment in a reverberation chamber can be achieved
by superimposing multiple columns of plane waves. The
incident direction, polarization angle, and phase of these plane
waves exhibit a random distribution in space. This paper uses
the FEKO full-wave simulation module and Matlab for Monte
Carlo simulation to simulate the electromagnetic environment
of a reverberation chamber. Matlab controls the uniform and
random distribution of parameters of multiple columns of
plane waves, and through multiple cyclic superposition, sim-
ulates the spatial distribution of electromagnetic waves in the
final reverberation chamber, which are statistically uniform,
isotropic, and randomly polarized. Figure 5 shows a
10000-column free random plane wave superposition model,
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where the blue arrow represents the direction of plane wave
incidence and the red arrow corresponds to the polarization
direction. The relationship between the EUT’s coupling
power P(f) and frequency f in the 100-800 MHz frequency
band is shown in Figure 6.

IS
Figure 5. 10000 column free random plane wave superposition
model.

20!

Power /dBm

25

-30

<35
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200 300 400 00

Frequency /MHz

&00 700 8OO0

Figure 6. Coupling Power P (f) vs. Frequency f.

4.4. The Equivalent Correlation between the
Sensitivity Thresholds of the AC and RC

We compared the coupling power obtained from the ane-
choic chamber and the reverberation chamber, and obtained
the correlation coefficient K(f) as a function of frequency, as
shown in the red curve of Figure 7. It can be seen that the
directional coefficient curve calculated earlier has the same
trend of change as the correlation coefficient K (f), while the
black curve is the theoretical calculation result from the pre-
vious part.
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Figure 7. The Correlation Coefficient K (f) between the two (Theo-
retic vs. Simulation Results).

5. Experimental Analysis

In the experimental analysis of the anechoic chamber and
reverberation chamber, the equipment sensitivity threshold is
still determined by the magnitude of the coupling power when
the equipment is interfered with. Therefore, in the experiment,
we first measured the coupling power of the equipment and
the corresponding field strength at its location to verify the
previously established coupling models. Since the tested
equipment can be equivalent to a monopole antenna, the an-
tenna coupling model was used to assist in analyzing the
experimental results.

5.1. Equipment Sensitivity Test in Anechoic
Chamber

The data link airborne antenna and coaxial connecting ca-
ble were used as the tested equipment and placed on the an-
echoic chamber test bench for the experiment. The transmit-
ting antenna was placed in a horizontal polarization mode, 1
m above the ground and 1 m away from the tested antenna. A
field strength measuring device was placed adjacent to the
tested antenna to record the field strength value at that loca-
tion, which is the field strength value at the tested antenna.
Additionally, a current measuring device was used to measure
the induced current of the tested antenna. A50 Q through-type
load, an attenuator, and the transmitting end of the photoe-
lectric conversion device were wrapped with a shielding cloth
with excellent shielding effectiveness to reduce measurement
errors and improve the accuracy of the load-induced current
measurement. During the test, the tested antenna was irradi-
ated in the direction of the strongest coupling, and the
lock-loss threshold and critical interference field strength at
each frequency point were recorded in detail.

When the operating signal strength of the data link equip-
ment was -80 dBm, interference was applied to the data link
equipment within the frequency bands centered at fO and f1
with a bandwidth of 10 MHz. When the data link experienced
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lock loss, the received power at its sensitive port and the
measured electric field strength were shown in Table 1.

Table 1. Out-of-lock Threshold and Critical Interference Field
Strength of Data Link Equipment Under Continuous Wave Interfer-
ence.

fl MHz P/ dBm E/(mVm ')
fo-5 -42.19 68.1
fo-d -52.45 20.9
fo-3 -54.86 15.8
fo-2 -57.11 12.2
fo-l -60.35 8.4
fo -59.57 9.2
fo+l -60.26 8.5
fo+2 -57.26 12
fy+3 -55.05 15.5
fot+4 -54.61 16.3
=40

=——#— interference signal power cantered at f1

= interference signal power centered at 0

45

in
=)

=551

Interferance Threshald /dBm

65/

] - -2

f/ MHz P/ dBm E/(mVm ')
f,+5 -48.18 34.2

f/ MHz P/ dBm E/(mVm ')
f-5 -44 55.3

f-4 -45.1 48.7

f-3 -47.9 35.3

f,-2 -49.5 29.3

fi-1 -53.7 18.1

f, -65.2 4.8

f+1 -50.5 26.2

fi+2 -48.8 31.8

f,+3 -46.4 41.9

fi+4 -44.7 51

f,+5 -43.1 61.3

0 2 4 8

Frequenty /MHz

Figure 8. CW-interfered Data Link Device Lockout Threshold in the Sensitive Frequency Band.

5.2. Equivalent Test Method in Reverberation
Chamber

The statistical results of the data link sensitivity threshold
when the number of steps of the reverberation chamber was
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36 and the number of tests was 50 are shown in Table 2. It can
be seen from the table that the sensitivity threshold of the data
link system changes during each test. When the operating
frequency was f,, the number of times the error between the
data link's sensitive field strength threshold under reverbera-
tion chamber conditions and that under uniform field condi-
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tions was within 3 dB was 48, accounting for 96%. When the  of steps of the reverberation chamber to 36 is reasonable when
operating frequency was f;, the number of such cases was 46,  the test error between the reverberation chamber and the an-
accounting for 92%. The test results are relatively close to the  echoic chamber is within 3 dB.

theoretical analysis results, indicating that setting the number

Table 2. The Sensitivity Threshold of the Data Link in the Reverberation Chamber and Its Correlation Coefficient(K) with that in the Ane-
choic Chamber.

Interference Wave Frequency f,-5/MHz Interference Wave Frequency f;+5/MHz
i—th Test
P /dBm E/(MVem") K/ dB P/ dBm E/(MVem") K/ dB

1 -28.81 64.25 -0.51 -27.71 55.95 -0.79
2 -27.71 72.92 0.59 -29.45 45.81 -2.53
3 -29.20 61.38 -0.90 -29.47 45.70 -2.55
4 -31.18 48.91 -2.87 -28.19 52.99 -1.27
5 -29.60 58.65 -1.30 -28.30 52.27 -1.38
6 -30.36 53.74 -2.06 -26.97 60.92 -0.05
7 -25.46 94.46 2.84 -26.73 62.66 0.19
8 -25.52 93.77 2.78 -29.56 45.22 -2.64
9 -25.72 91.67 2.58 -26.46 64.66 0.46
10 -27.49 74.76 0.81 -28.26 52.56 -1.34
11 -30.50 52.86 -2.20 -28.93 48.64 -2.01
12 -30.27 54.30 -1.97 -25.14 75.23 1.78
13 -26.79 81.00 151 -29.51 45.48 -2.59
14 -31.16 49.02 -2.86 -30.08 42.63 -3.15
15 -29.78 57.41 -1.48 -29.30 46.61 -2.38
16 -28.97 63.06 -0.67 -26.73 62.65 0.19
17 -26.24 86.36 2.06 -26.55 63.99 0.37
18 -29.05 62.46 -0.75 -25.68 70.72 124
19 -28.80 64.26 -0.50 -24.30 82.93 2.63
20 -30.65 51.96 -2.35 -29.77 44.16 -2.85
21 -29.14 61.81 -0.84 -27.10 60.04 -0.18
22 -30.06 55.63 -1.76 -27.48 57.46 -0.56
23 -29.23 61.18 -0.93 -29.13 47.52 -2.21
24 -26.02 88.52 2.28 -25.55 71.78 1.37
25 -29.71 57.88 -1.41 -25.16 75.04 1.76
26 -26.69 81.95 1.61 -25.74 70.26 1.18
27 -29.59 58.73 -1.29 -24.81 78.15 211
28 -29.71 57.92 -141 -26.87 61.68 0.05
29 -25.30 96.25 3.01 -26.98 60.87 -0.06
30 -25.83 90.55 247 -23.96 86.15 2.96
31 -30.47 53.07 -2.17 -29.52 45.42 -2.60
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Interference Wave Frequency f,-5/MHz

i—th Test
P /dBm E/(MVem") K/ dB

32 -30.80 51.07 -2.50
33 -30.67 51.87 -2.36
34 -29.91 56.59 -1.61
35 -29.46 59.62 -1.16
36 -28.60 65.80 -0.30
37 -27.30 76.42 1.00
38 -31.32 48.11 -3.02
39 -27.18 77.47 1.12
40 -29.85 56.97 -1.55
41 -26.68 82.03 1.62
42 -28.53 66.35 -0.23
43 -26.88 80.18 142
44 -28.72 64.88 -0.42
45 -26.99 79.17 131
46 -27.23 77.05 1.07
47 -29.99 56.05 -1.69
48 -26.71 81.76 1.59
49 -26.14 87.31 2.16
50 -30.32 53.98 -2.02

5.3. Correlation Analysis of Sensitivity
Thresholds

To study the correlation of electromagnetic radiation sensi-
tivity, the data in Table 1 and Table 2 were integrated into Table
3 during data processing. Then, the maximum value and aver-
age value of the data link equipment's sensitivity threshold in
the reverberation chamber and the sensitivity threshold of the
data link equipment in the anechoic chamber were listed.

The interference threshold of the data link equipment in the
anechoic chamber was compared with the maximum value
and average value of the data link equipment's sensitivity
threshold in the reverberation chamber. Software tools were
used for calculation and analysis to determine the Pearson
product-moment correlation coefficient, which was used to
judge the degree of linear correlation between the two sensi-
tivity tests.
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Interference Wave Frequency f;+5/MHz

P/ dBm E/(MVem") K/ dB
-26.75 62.49 0.17
-27.81 55.31 -0.89
-29.04 48.02 -2.12
-24.73 78.84 2.19
-24.52 80.80 2.40
-23.89 86.88 3.03
-28.56 50.77 -1.64
-28.83 49.21 -1.91
-25.78 69.86 114
-28.62 50.42 -1.70
-28.79 49.44 -1.87
-23.75 88.27 3.17
-26.23 66.40 0.69
-28.04 53.88 -1.12
-26.00 68.13 0.92
-26.58 63.77 0.34
-26.72 62.71 0.20
-29.98 43.11 -3.06
-26.75 62.52 0.17

Table 3. The Maximum Value of the Data Link Sensitivity Threshold
in the RC and the AC.

Maximum Value of the

Er . Sensitivity Threshold Correlation
equency Coefficient
RC AC
fo 96.25 68.1
0.991
f, 88.27 61.3

The correlation coefficient between the data link sensi-
tivity thresholds in the reverberation chamber and the ane-
choic chamber is close to 1, indicating that the two have a
good linear correlation at the operating frequencies f, and
fy.
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6. Recommendations

Through the preceding theoretical modeling, simulation
analysis, and test design, the rationality of establishing the
correlation model for equipment sensitivity thresholds in
reverberation chambers and anechoic chambers under plane
wave irradiation conditions, as well as the scientific validity
of the derivation of the coefficient formulas, have been well
verified. In the test analysis section, due to the failure to con-
sider the impact of changes in the size of frequen-
cy-dependent equipment on the equivalence of sensitivity
threshold test results between reverberation chambers and
anechoic chambers, and the limitation of testing only the
sensitive frequency band (200 MHz ~ 2 GHz) related to the
antenna and cable coupling of the tested data link system,
further research is required to determine whether the pro-
posed model and formulas are applicable to larger equipment
and higher frequency bands.

7. Conclusions

This paper takes a certain type of data link equipment as
the test object. Based on the relationship between the cou-
pling power and field strength of frequency-using equipment
under the uniform field of the anechoic chamber and the re-
verberation chamber environment, it studies the sensitivity
equivalence of typical frequency-using equipment under the
reverberation chamber and uniform field conditions. A
method for calculating the sensitivity threshold of frequen-
cy-using equipment and a sensitivity test method under re-
verberation chamber conditions are proposed, and the effec-
tiveness of the method is verified through experiments, it can
be concluded that:

1) The sensitivity thresholds of frequency-dependent
equipment in anechoic chambers and reverberation
chambers with consistent test environment levels
(same electric field strength E) show a strong correla-
tion, which provides a basis for equivalence analysis
under reverberation chamber conditions.

The correlation coefficient K(f) between the two is on-
ly related to the directional coefficient D(f) of the EUT
and has a proportional relationship.

For the equipment under test (EUT) with a low di-
rectivity factor, such as the UAV data link system in
this test (D(f) < 3), the difference between the test re-
sults in the anechoic chamber and the reverberation
chamber is within 3 dB. This also serves as the basis
for using the sensitivity threshold results obtained in
the reverberation chamber to replace those obtained in
the anechoic chamber when testing EUTs with low di-
rectivity factors.

The research findings of this paper hold strong application
prospects in practical EMC testing. They can be used to re-
duce testing costs, improve testing efficiency, and provide an
effective solution for the testing of equipment in complex

2)

3)
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high-field electromagnetic environments.

Abbreviations

E3 Electromagnetic Environmental Effects
RC Reverberation chamber

AC Anechoic Chamber

EMC Electromagnetic Compatibility
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