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Abstract. Aiming at the quantitative evaluation require-
ments of radar second-order intermodulation false alarm
(SIFA) effect, a radar SIFA effect model is established from
the field-circuit coupling mechanism, and the parameter
test method of the model is given. Taking a certain type of
radar as the test object, the SIFA effect test is carried out
by using the method of electromagnetic injection equiva-
lent substitution irradiation. The results show that the
tested radar will produce a SIFA signal higher than the
selected sensitive level when the frequency difference of
dual-frequency electromagnetic interference (EMI) is with-
in 3 MHz and the frequency offset is within +200 MHz.
Using the model parameters of the SIFA interference effect
measured in the experiment, it is assumed that they do not
change with the interference field strength. Combined with
the SIFA interference field strength of the tested radar and
the single frequency blocking critical interference field
strength, the effect model can evaluate the degree of radar
SIFA interference.
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1. Introduction

With the development of science and technology, and
the widespread use of electronic information equipment,
the battlefield electromagnetic environment has become
increasingly complex. Whether the frequency equipment
has good adaptability to the electromagnetic environment
has become an important guarantee of battlefield intelli-
gence reconnaissance, joint command and control [1].
Radar equipment has been widely used in military and civil
fields with its advantages of the all-weather and real-time
acquisition of target information [2]. Currently, more and
more scientists and research laboratories are conducting
research on the electromagnetic environmental effects of
frequency equipment. However, the widespread use of
high-power frequency equipment has reduced radar detec-
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tion performance. Therefore, the prediction of the multi-
frequency electromagnetic interference (EMI) model for
radar equipment has become one of the hot spots of re-
search at home and abroad [3]. Liu et al discussed the ef-
fects of common noise and continuous waves (CW) on
radar equipment and studied them in modeling and simula-
tion without considering the influence of intermodulation
components due to device nonlinearity [4]. References [5],
[6] analyzed the adverse effects of out-of-band EMI on
radar, but none of them involved the multi-frequency elec-
tromagnetic radiation intermodulation components. At
present, many scholars have analyzed and studied third-
order intermodulation, including mechanism analysis,
model prediction, and special algorithms for avoiding
third-order intermodulation interference [7-9]. References
[10-12] pointed out that the second-order intermodulation
signal is caused by nonlinear devices such as mixers and
amplifiers in low-frequency circuits, and the mechanism of
second-order intermodulation interference generation and
determination methods have seldom been studied. Refer-
ences [13—16] analyzed the out-of-band multi-frequency
non-intermodulation and third-order intermodulation
blocking effects of communication radios and navigation
receivers, and established the corresponding intermodula-
tion blocking interference effect model of frequency
equipment such as navigation and radio based on the sin-
gle-frequency blocking effect. Traditionally, most scholars
believe that second-order intermodulation signals are far
away from the operating frequency band and do not cause
significant interference, and there are relatively few studies
on second-order intermodulation. Reference [17] reveals
the second-order intermodulation blocking interference
mechanism of navigation receivers from the inside of re-
ceivers. In response to the demand for experimental eval-
uation, reference [18] establishes a second-order intermod-
ulation blocking model from the second-order
intermodulation blocking mechanism by introducing the
blocking interference factor, and the accuracy of the model
is within 2 dB, but this model is not applicable to the sec-
ond-order intermodulation false alarm jamming signal with
radar. Due to the frequency of the radar receiver having
a certain bandwidth, which will cause the false signal to be
received incorrectly to form false alarm interference. Ref-
erence [19] analyzed the interference mechanism, wave-
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form characteristics, and position variation of radar single-
frequency, dual-frequency non-intermodulation, and SIFA
signals, and the SIFA sensitive range and interference
effect model are not mentioned. Based on this, aiming at
the quantitative evaluation demand of radar second-order
intermodulation false alarm effect, this paper establishes
the second-order intermodulation false alarm effect model
based on previous interference mechanism research and
puts forward the parameter test method of radar second-
order intermodulation false alarm model.

In this paper, in view of the quantitative evaluation
requirements of the radar SIFA effect, based on the prelim-
inary interference mechanism research, the SIFA effect
model is established and the SIFA effect model parameter
test method is proposed. Taking a certain type of radar as
the equipment under test (EUT) to carry out the SIFA ef-
fect test. Firstly, the sensitive band of dual-frequency false
alarm interference of the tested radar is preliminarily ex-
plored. Secondly, according to the parameter test method,
the parameters of the SIFA model are obtained, and by
changing the interference frequency difference and inter-
ference frequency offset, the correctness of the SIFA
mechanism and the accuracy of the effect model are veri-
fied. It provides theoretical and technical support for the
scientific evaluation of the adaptability of radar equipment
to complex electromagnetic environments.

2. Second-order Intermodulation False
Alarm Interference Effect Model

2.1 Establishing a Theoretical Model

The radar receives the target echo signal, which is
mixed, amplified, and filtered by the RF front-end pro-
cessing. When the device is subjected to a dual-frequency
EMI signal close to the working frequency, due to the
nonlinear distortion of the device, the interference signal
generates an intermodulation signal through the second-
stage mixer, and if the difference between the dual-
frequency intermodulation frequency difference and the
low-pass filter bandwidth of the level mixer is small, the
second-order intermodulation signal can pass the filter and
form a SIFA interference. In the imaging process of the
SIFA target, there is only a single linear phase effect and
no other phase effects. The energy of the SIFA signal is
more concentrated, resulting in a single position fixed
'spike' false alarm target [19].

If the working center frequency of the EUT is fy, the
EMI field intensities at different frequencies in space are
Ei(f), Hi(f}) and D;(f;) represent the transfer function from
the electromagnetic field E; (f}) to the RF front-end and the
specific nonlinear device, respectively; the receiving
equivalent level of RF front-end and the specific nonlinear
device are expressed as S; (f;) and T; (f)) as follows:

S:(D)=H(DE(S), )

T(f) = D(HE(S) 2

where i = 0 means the same frequency signal as the EUT,
i #0 means a non-identical frequency signal. Due to the
different frequencies of the signal, the antenna gain and
circuit gain of the frequency equipment change, in addition
to the circuit gain may also be related to fy, so H;(f;)) and
D;(f) are related to f; and fj.

Without loss of generality, set the SIFA signal gener-
ated be listed in the following equation:

0 (6)=KT (S)T(/>) 3)

where K is the SIFA nonlinear coefficient of EUT, and the
intermodulation difference 6f=|fi—f2]. The above SIFA
signal is easy to enter the low-frequency signal processing
circuit. If the signal amplitude is large enough and is used
as a useful signal processing, the tested radar may have
a SIFA signal.

Set the SIFA interference threshold of the tested radar
as X(f), define the SIFA effect index as R, which can be
expressed by the following equation:

R (&) =—KT‘§(f&);j)(fz) @)

where Af;=fi—f,, from (4), it can be known that the SIFA
interference occurs when Rr> 1, and the SIFA interference
does not occur when the tested radar is Rp< 1.

In general, the single-frequency EMI sensitive port of
the EUT is different from the SIFA sensitive port. From the
previous analysis of radar EMI, it is known that the sec-
ond-order intermodulation blocking signal is not obvious
due to the stuttering phenomenon [19], while the SIFA
shows a certain regularity. Secondly, under the existing
conditions in the laboratory, the tested radar can get the
complete single-frequency critical blocking interference
sensitivity threshold, but not the single-frequency critical
false alarm interference sensitivity threshold [20], based on
this, the single-frequency blocking critical sensitivity
threshold is used. Assuming that the single-frequency criti-
cal blocking EMI level and field strength corresponding to
fo are Cy and Ej (f;), respectively, Cy is only related to fo,
and the change factors related to the interference frequency
f: are included in the sensitivity coefficient B (f;), obtained [15]:

HBE,=H,BE, =..=HB,E,=C,. (5)
Substitute formulas (1) and (2) into (4), using (5) to get:

GKD, (£)D, (1) EE(S)
SF)H (/) H: (1) B (£)B.(12) Eio(/)En(f:)

(6)

Let the relative value of the SIFA interference level is

X:(0f) = X(Jf) / Xmin, the SIFA interference coefficient is

y=C,D~JK/X,, /(HB)- In engineering, it is generally

believed that y = y(f;— fo), and the SIFA effect index Ry can
be expressed as:

RF(Af): X(
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Fig. 1. Model derivation process flowchart.
r(A0)r (&) E o\ E
R (51)= W) @

Xr (5f) ElO

where E| and E» are the interference field strength when
the interference signal f; and f; act together, and E)o and
E» are the single-frequency critical blocking interference
field strengths corresponding to the interference signal f;
and f; respectively.

E20

For the convenience of understanding, the derivation
process of the model is presented in the form of a flowchart
in Fig. 1.

2.2 Parameter Solving

Let Rr= 1, take dB as a unit, and take the logarithm of
both sides of (7) to obtain:

PO+ (8 + (1) +(£) = X, (87) )

where f; and f; interference field strength and their respec-
tive role in the single-frequency critical blocking interfer-
ence field strength from the test measurement data to de-
termine, and the other three covariates can be solved by
associating multiple sets of experimental data.

Reference [15] describes the solution method of
model parameters when the difference between the sensi-
tive frequency offset and the sensitive frequency difference
of frequency equipment such as navigation receiver was
small, that is, four test frequency points are selected at
equal frequency intervals to solve the model parameter, the
equation is as follows:

V(Afl):l X.(20)- L E| |EE| _|£ B
2 ,Elo E, 12 ,Elo E,, 3 ,Ew E,, i3
1 (e E] [E ET [E E]
PO = X 20 —| e | | e | | e
2 _EIO Ezu a3 _ElO Ezo 34 _EIU Ezo o
7(%):1 X (20)+ ELE,E| |E B & E L
2 L =10 E20_|2 _EIO E20_23 _E10 E20_13
7(%):1 xeo+| Ly L) LB JE B
2 L E10 Ezo s L ElO Ezo s L Em Ezo o

X (1)=X,(20)+
1 {ii} +[£+£} {Ei} [i&} ,
2 ElU Ezo 12 EIO Ezo 34 EI(J Ezo 13 Elo Ezo 24
X,.(31)= X,(20) +
P+% {Li} 1 {ii} +[£+5}
EI() Ezn 14 Em Ezo 23 2 Em Ezo 12 EIO Ezn 13

{ ] E” } { EI Ez }
| =+ == | =+ =2 5
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However, for radar equipment, the working sensitive
frequency difference and the sensitive frequency deviation
differ greatly, that is, Jf < <Af;, although the basic frequen-
cy extrapolation method has a comprehensive response, it
will greatly increase the workload and calculation. There-
fore, the sensitive frequency difference in the range of
smaller changes can be considered y(Af1) = p(Afz), formula
(8) is simplified as follows:

1 1| E, E
7(Aﬁ)=5Xr(5f)—5[E—m+E—m}-

(10)

Select two interference frequency points f; and f; to
carry out the SIFA critical interference test, and the rela-
tionship p(Af)) with Af; and X(df) with Jf are determined.
The specific method is as follows.

1) Adjust the interference frequency offset Afi. The
SIFA critical interference test is carried out at different
interference frequency offset Afi, A,= Afi+ 7. Use (10) to
determine the relationship between frequency offset inter-
ference coefficient y(Af) and different interference fre-
quency offsets Af.

2) Adjust the interference frequency difference Jf and
carry out multiple groups of the SIFA critical interference
test. Substitute the determined frequency offset inter-
ference coefficient into (10) to calculate the relationship
between the relative value [X:(Jf) — Xi(7)] and the Jf, keep
unknown Xi(7). Let the minimum value of Xi(z) is 0 dB,
and determine the values of X;(df), y(Af).

3. Second-order Intermodulation False
Alarm Effect Test

The test method is the same as the radar dual-
frequency EMI test method, the difference lies in the anal-
ysis of the second-order intermodulation waveform charac-
teristics, position, level change law, and mechanism in the
previous research [20], [21]. Based on the mechanism
analysis, this paper takes the absolute level of SIFA as the
index of the SIFA effect. The block diagram of the test is
shown in Fig.2. The test radar is a type of stepped-
frequency ranging radar, working frequency is
fox 100 MHz (fo is the center frequency). The EMI system
consists of signal generators, power amplifier, directional
coupler, combiner, and spectrum analyzer. Adjust the posi-
tion of the target antenna so that it is in the sensitive direc-
tion of the EUT. According to GIB8848-2016 [22], adjust
the output power and output frequency of the two signal
generators to create the required electromagnetic environ-
ment, and the interference signals are transmitted to the
EUT through the injection module.

Radar dual-frequency EMI signal imaging is shown in
Fig. 3, where two "hill-shaped" electromagnetic signals for
the dual-frequency non-intermodulation false alarm target,
the waveform approximate "spike" type electromagnetic
signal is a SIFA target with concentrated energy [19].
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Fig. 2. The block diagram of SIFA interference test.

X: 2648

Peak position
Peak level

 4.45m

' 56.67dBmV

Minimum decibel value
Y:-19.2

' -65.008

Normalized level/dB
A
s

| n ul

L L L L L L L L
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Distance/m

Fig. 3. SIFA interference imaging of EUT.

3.1 Second-order Intermodulation False
Alarm Signal Stability Test and
Calibration

The good repeatability and stability of the system it-
self is the necessary premise to ensure the equipment car-
ries dual-frequency EMI test. The objective records ten
SIFA signal data, and the system stability is improved by
removing one maximum and minimum value and taking
the average value for ten collected data. Select E,= E,
Afi=0Hz, Af,=300kHz, adjust the signal source output
power to increase in the same proportion, and record the
SIFA signal level, the results are shown in Tab. 1.

According to Tab. 1, when the interference signal is
small, the fluctuation range of SIFA is large, and the data
stability is not good. The reason for this phenomenon
is that when the interference signal is relatively small, the

E\E; [dB(V/m)?| 200 | -100 | 00 | 100 [ 200

Serial number SIFA signal ¢r2 [dBmV]
1 1.0 9.4 218 | 318 | 341
2 -1.9 9.4 196 | 293 | 354
3 0.0 10.3 196 | 316 | 352
4 0.8 1 215 | 303 | 355
5 0.9 8.8 206 | 285 | 345
6 -1.9 9.5 205 | 310 | 336
7 3.1 9.6 216 | 315 | 353
8 1.4 9.4 202 | 292 | 344
9 0.7 9.6 199 | 301 | 331
10 20 | 100 | 205 | 312 | 347

Average value -0.7 9.7 20.6 30.5 34.7

Tab. 1. Test data of SIFA level with interference field strength.
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Fig. 4. Curve of SIFA signal with interference field strength.

dual-frequency non-intermodulation level is greater than
the SIFA level. Combined with (3), if the sensitivity level
is small, the accuracy of the calculated effect parameters is
low, and the error is relatively large. The source of error is
not theory but the instability of experimental data. The
complete SIFA signal level is expressed as a function of
the interference field strength, and the result is shown in
Fig. 4.

It can be seen from Fig. 4 that: 1) When the dual fre-
quency interference field strength is between-20 dB(V/m)?
and 10 dB(V/m)?, the SIFA signal level increases linearly
with the increase of interference power. As the further
increase of interference, the SIFA level growth rate de-
creases. 2) The SIFA sensitivity test is carried out after the
sensitivity level is determined. To improve accuracy, select
SIFA sensitivity as large as possible. This paper selects
10 dBmV as the SIFA sensitive level, and the experiment
can also be carried out according to the practical applica-
tion scenario. The sensitivity level can also be selected
according to the actual situation, the test method is the
same.

3.2 Preliminary Study on Second-order
Intermodulation False Alarm Sensitive
Band

Adjust the output power of the signal generator to
make the double interference field strength to
10 dB(V/m)?, set the dual-frequency interference frequency
fi=0Hz, f, starts from 100 kHz and increased with
200 kHz, record the generated SIFA level, and the results
are shown in Fig. 5.

It can be seen from Fig. 5 that with the increase of in-
terference frequency difference Jf, the SIFA level gradual-
ly decreases. When the interference frequency difference is
greater than 2800 kHz, the SIFA signal is less than
5 dBmV. When the Jfis greater than 3000 kHz, there is no
obvious SIFA signal. Analysis of the reason is that when
the Jf is greater than a certain degree, the SIFA signal
component falls outside the passband of the low-pass filter,
and there will be no cause for SIFA interference. Similarly,
the interference frequency offset Afi =0 Hz, the Af; begins
at 20 MHz and increases at 20 MHz, recording the SIFA
signal level, and the results are shown in Fig. 6.
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Fig. 5. The change curve of the SIFA level.
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Fig. 6. Frequency bias range preliminary judgment.

It can be seen from Fig. 6 that when the interference
frequency difference is greater than 160 MHz, the SIFA
signal decreases sharply with the increase of interference
frequency offset. It indicates that when the interference
frequency difference is greater to a certain extent, the SIFA
signal component falls outside the passband of the low-
pass filter.

According to (5) and (7), it is necessary to know the
single frequency critical blocking interference field
strength Ej (f;) of the tested radar. According to GJB 151B-
2013 [23], select useful signal compression 6 dB as the
single frequency blocking sensitive criterion, using the
sensitivity test method to obtain the single frequency
blocking sensitivity of the EUT, the result is shown
in Fig. 7. It shows that the single frequency blocking and

301
25

201

E,) /(dBV/m)

151

5 . . . . .
-0.2  -0.1 0.0 0.1 0.2

Af/GHz

Fig. 7. Single frequency blocking sensitive threshold curve.

false alarm sensitive band range is about £200 MHz, the
phenomenon is mainly related to the filter bandwidth set-
ting after the mixer of the radar RF front-end.

4. Effect Model Parameter Test

4.1 Feasibility Verification of the Test
Method

According to Sec. 3, the sensitive frequency differ-
ence of the SIFA interference signal is about 3000 kHz,
and the sensitive frequency offset is about 200 MHz. Four
basic test points are selected according to the equal fre-
quency interval 7 of (9), and the two pairs are combined to
conduct the SIFA interference test. And the SIFA frequen-
cy offset interference coefficient y(Af;) corresponding to
each basic frequency point is calculated to determine the
accuracy and feasibility of the approximate method.

Combined with Fig. 7, the single frequency interfer-
ence field strength can be approximated within a small
sensitive frequency difference range, that is Ei9= E». To
facilitate the calculation in dB, E\/Ei(f1) E2/Ex(f2) in (7)
can be viewed as a whole. Set the frequency interval 7 to be
200 kHz and 400 kHz, respectively. To distinguish be-
tween the two interference field strengths, £, and E» as far
as possible to differ by more than 3 dB, select four base
frequency points to be combined with each other for the
SIFA critical interference test, and record the test data, as
shown in Tab. 2 and Tab. 3.

Substituting the data in Tab. 2 into (9), the results are
shown in Tab. 3.

It can be seen from Tab. 3 that when the frequency in-
terval is 200 kHz and 400 kHz the interference coefficient
Y(Af) — 0.5X(20) error is within 1 dB, indicating that the
EUT can be considered as y(Afi) = y(Af,) when the sensi-
tive frequency difference is small relative to the sensitive

Afi [kHz] 0 200 | 400 0 200 0
Afs [kHz] 200 | 400 | 600 | 400 | 600 | 600

EVEwEdEx [dB]| -39.0 | =393 [ —39.5 | —39.4 | —38.7 | -388
Afi [kHz] 0 400 | 800 0 400 0
Afs [kHz] 400 | 800 | 1200 | 800 | 1200 | 1200

E\EwEx/Ex [dB]| -39.0 | -39.5 [ —38.9 | —39.4 | -39.5 | —372

Tab. 2. Test data of SIFA under different interference
frequency difference.

Af; [kHz] 0 200 400 600
[7(Af) — 0.5X.(400)] [dB] 196 | 192 | 198 19.5
Afi [kHz] 0 400 800 | 1200
[7(Af) — 0.5X.(800)] [dB] 195 | 20.1 200 | 195

Tab. 3. Result of y(Af;) under different interference frequency
difference.
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frequency bias. In engineering processing, the approxima-
tion method of (10) can be used to simplify the calculation
process.

4.2 Test to Determine the SIFA Effect Model
Parameters [y(Af) — 0.5X:(27)]

Set 7=200kHz, Afi=0MHz, Af,=Afi+7, and the
interference frequency offset increases with 20 MHz, and
the test data of the SIFA critical interference field strength
under different interference frequency offsets are obtained.
When the change of interference field strength between the
two frequency points is greater than 3 dB to take the inter-
polation point processing, the effect model parameters
P(Afi) — 0.5X(r) under different interference frequency
offsets are obtained by using (10). The calculation results
are shown in Tab. 4.

It can be seen from Tab. 4 that when the interference
frequency offset is in the range of 0~160 MHz,
[y(Af) — 0.5X(7)] remains almost constant. And relative
interference frequency offset, within the small sensitive
frequency deviation range of 3 MHz, the corresponding
coefficients [p(Af;)) — 0.5X:(7)] at different frequencies are
approximately equal.

4.3 Determination of Relative Low Frequency
Interference Level X (df)

In the sensitive frequency offset range, multiple fre-
quency combinations with different frequency differences
are selected to test the SIFA critical interference effect. Let

Afi=0kHz, Af; starts at 100 kHz and increases at 100 kHz.

Based on the test results of [y(Af;) — 0.5X:(7)] obtained from
Fig. 6, the relatively low-frequency interference levels
under different interference frequency differences are cal-
culated by (10). The results are shown in Tab. 5.

According to Tab. 5, let X,(df) be a minimum of 0 dB,
that is, X;(300) is 0 dB. The final value X,(z) is obtained,
and the results are shown in Fig. 8.

It can be seen from Fig. 8 that X,(df) of the SIFA sig-
nal shows a trend of ‘first stable and then rising’ with df.
The most sensitive frequency difference range of SIFA is
about 1000 kHz. The difference between maximum and
minimum X(6f) is about 23 dB.

4.4 Test to Determine the SIFA Interference
Coefficient y(Af)

By substituting X;(200) is 0.2 into Tab. 6 to obtain
the y(Af;), the calculation results are shown in Tab. 6.

According to the mechanism of the SIFA effect, it is
known that whether the interference frequency is higher or
lower than the working frequency of the EUT, the relation-
ship between X:(6f) and of should be the same in theory.
The next test is to determine y(Af;) and negative frequency

Af; [MHz] 0 20 40 60 80
[¥AfH-0.5X%20)] [dB] | 17.1 | 165 | 169 | 166 | 168
Afi[MHz] 100 | 120 [ 140 | 160 | 165
YA —0.5X%27)] [dB] | 166 | 169 | 171 | 162 | 159
Af; [MHz] 170 | 175 | 180 | 200 | 220
[¥(Af)—-0.5X%27)] [dB] | 156 | 132 | 129 | 107 | 95

Tab. 4. Test result of [y(4f)) — 0.5X(7)].

Af=fo— fi [kHz] 100 200 300 400 500

[X(0)—X:(z)] [dB] | —4.1 4.1 43 -39 3.8

Af=fo— fi [kHz] 600 700 800 900 1000

X0 -Xe(o)] [dB]| 4.0 | —41 43 4.1 4.1

Af=fi—fi[kHz] | 1100 | 1200 | 1300 | 1400 [ 1500

[X(0f)-X(2)] [aB]| 3.0 | -1.9 0.1 0.2 1.1
Af=fi—filkHz] | 1600 [ 1700 | 1800 | 1900 | 2000

X0 -X-(x)] [dB] | 2.0 3.7 4.9 5.0 5.7
Af=fi—fi[kHz] | 2100 | 2200 | 2300 | 2400 [ 2500

[X(0f) - Xe(z)] [dB] | 7.3 8.4 9.5 10.3 12.2

Af=fo— fi [kHz] 2600 2700 2800 2900 3000

X3 -X:(v)] [dB] | 133 134 14.7 17.3 18.7

Tab. 5. Calculation result of [X,(Jf) — Xi(z)].

25

L L L L L L
0 500 1000 1500 2000 2500 3000

AfikHz
Fig. 8. The variation curve of Xi(df) with the interference
frequency difference df.
Afi [MHz] 0 20 40 60 80
y(Af) [dB] 17.2 16.6 17.0 16.7 16.9
Afi [MHz] 100 120 140 160 165
y(Af) [dB] 16.7 17.0 17.2 16.3 16.0
Afi [MHz] 170 175 180 200 220
y(Af) [dB] 15.7 133 13.0 10.8 9.6

Tab. 6. The test result of y(4f;) of positive frequency bias.

offset. The same method is used to obtain negative fre-
quency offset test results as shown in Fig. 9.

Comparing Fig. 9 and Tab. 6 get that the variation
law of frequency offset coefficient y(Af;) with positive and
negative frequency offsets is the same. And the reason is
that the left and right frequency offsets of the EUT are the
same due to the single-frequency blocking and the single-
frequency false alarm critical interference sensitive band.
Combined with the definition of the SIFA interference
coefficient, it is speculated that y(Af)) is the same as the
change law of negative frequency offset. The theoretical and
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Fig. 9. Relationship between y(Af;) and negative Af.

experimental results are consistent. The SIFA interference
sensitive bandwidth is about £200 MHz.

In summary, the SIFA of the selected sensitive level
will appear in EUT in the range of +£200 MHz of dual-
frequency interference frequency bias and 3000 kHz of
interference frequency difference. The SIFA interference is
obvious in the range of £150 MHz interference frequency
offset and 1000 kHz interference frequency difference. The
SIFA interference cannot be ignored.

5. Model Validation

To verify the accuracy of the model, according to
formula (8), the SIFA effect index RF is calculated from
the interference frequency difference Jf=fi—f, and the
interference frequency offset Af;= fi— fo, calculate the SIFA
effect index R to verify the accuracy of the effect model.

1) Change the intermodulation frequency difference
of. Set the fi=0kHz, f, changed, and calculated effect
index is shown in Tab. 7.

2) Change the intermodulation frequency offset Af;.
Combined with the test data in Tab. 2 and 3 in Sec. 4, the
Ry test results under different frequency offsets are shown
in Tab. 8.

It can be seen from Tab. 7 and Tab. 8 that the maxi-
mum test error of Rr of the SIFA effect model of the dual-
frequency EMI of the EUT is less than 1 dB.

6. Conclusion

To meet the demand of radar SIFA interference test,
the SIFA effect model is theoretically derived by introduc-
ing the SIFA action factor y(Af) and the low-frequency
false alarm relative level X:(Af). Secondly, the SIFA effect
model parameter testing method is proposed for radar,
which is characterized by the fact that the radar's sensitive
radiation frequency deviation is much larger than its sensi-
tive intermodulation frequency difference. Subsequently,
the accuracy of the effect assessment is verified by experi-
ments. Based on the theoretical derivation and experi-
mental testing of the SIFA interference effect, the evaluation
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of [kHz| 20 40 60 80
7(Af) [dB] 20.8 209 21.1 209
7(Af) [dB] 208 209 21.1 209
X:(0f) [dB] 0.5 0.4 0.0 0.3
R [dB] 0.7 0.2 0.0 -0.6

Tab. 7. Test results under different frequency deviations.

Afi [kHz] 0 200 400
Afs [kHz] 200 400 600
ye(Afi) [dB] 19.8 19.5 19.7
7e(Af5) [dB] 19.5 19.5 19.7
X:(0f) [dB] 03 03 0.7
Ry [dB] 0.3 -0.3 -0.7

Tab. 8. Test results under different frequency offsets.

‘ Assessment process ‘

Single frequency critical
blocking test

Determine Ej
Select SIFA
sensitive level

The approximate range
of SIFA sensitive band

Parameter DeterAmmeAthe vaiation Test to determine Calculate the
testin relationship of [)(Af)- = " s Wi 5 factor y(A
£ 0.5X,(Q)]With A, ¢ Xr(d/)With of actor

@_ Calculation in Rp H
evaluation expression

Fig. 10. Prediction process of SIFA interference effect.

Effect law F

The variation law of
SIFA with the EMI

process for SIFA interference of radar is presented as fol-
lows. In practical applications, it is possible to evaluate
whether the equipment is affected by second-order inter-
modulation false alarm interference based on the single
frequency electromagnetic blockage change curve of radar
equipment and the environmental electromagnetic field
spectrum distribution parameters, using an effect model.
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