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Abstract: Hidden device resonant multi-slit antenna used for vehicle Doppler speed 
meter radio-electronic repression designing stages are considered. ISKRA-1 is used as 
vehicle Doppler speed meter. Radar-detector Escort Passport 9500ix is used together 
with hidden device of radio-electronic repression. Imitation distraction interferences 
are generated for radio-electronic repression and well-known decision of the signal one 
coordinate elimination is used in the subject area didn’t connected with the armed forc-
es. Also designing is made taking into account the parameters that are applicable only 
during vehicles established speed limit monitoring. 
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Аннотация: Рассмотрены этапы проектирования резонансной многощелевой 
антенны скрытного устройства радиоэлектронного подавления доплеровских 
измерителей скорости транспортных средств. В качестве доплеровского изме-
рителя скорости транспортных средств использован ИСКРА-1, совместно со 
скрытным устройством радиоэлектронного подавления использован радар-
детектор Escort Passport 9500ix. Для радиоэлектронного подавления формиру-
ются ответные имитационные уводящие помехи и известное решение по устра-
нению сигнала по одной из координат применяется в предметной области, не 
связанной с вооруженными силами. Также проектирование устройства форми-
рования помех производится с учетом параметров, применимых лишь во время 
контроля установленного скоростного режима траснпортных средств. 

Ключевые слова: скрытное устройство, резонансная многощелевая антенна, 
доплеровский измеритель скорости, радар-детектор, ответные иммитационные 
уводящие помехи. 
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1. Introduction 
 

Not basing on the designing process it could be told that research object 
is the following: hidden device used for vehicle Doppler speed meter radio-
electronic repression (further it would be called as repressor) located under the 
vehicle hood with length of X centimeters and weight of Y centimeters and can 
be represented as electromagnetic field generator energizing multi-split antenna 
executed as rectangular waveguide with specific dimensions (length, width and 
height) operating in 𝐻10 wave emitting mode. 

As for multi-split antenna designing process is based on antenna design-
ing which provides required directivity pattern or directivity coefficient and it 
consists of the following stages [1]: 

1. Type of antenna and type of slits are made proceeding on required 
microwave range and required emitting field polarization; 

2. Required amplitude-phase distribution is made; 
3. Constructive estimation is made where the main role is splits energiz-

ing for required amplitude distribution providing; 
4. Antenna electrical estimation is made (directivity pattern, directivity 

coefficient, 𝑍𝐼𝑁 and etc.). 
Let’s separately specify each designing stage to estimate multi-split an-

tenna missing parameters wherein strict estimation methods are connected with 
significant financial difficulties that’s why their usage for engineering estima-
tions is impossible and it means that approximate method appropriate for reso-
nant multi-slit estimation should be used – power method. 

 
2. Type of antenna and type of slits 

 

For required emitting field polarization obtaining cruciform slits slotted 
in wide waveguide sides at a quarter of its width from the midline are used. For 
normal emitting maximum formation resonant multi-slit antenna in the form of 
lengthwise slits system located in chess order at half wavelength apart is used. 
Waveguide supplied with short-circuited piston in the end. Also for these slits 
matching possibility with feeder half-wave slits are used. Directivity pattern in 
the parallel to the waveguide axis plane has a directivity depended on slits quan-
tity. Directivity coefficient is approximately equal to tripled slits quantity [2]. 

Multi-slit antenna slit width is chosen from electrical durability condi-
tions (for transmitting antenna) and from required bandwidth (for receiving an-
tenna) according to the following formula: 



SAVASHINSKIY I. I. Design of the hidden device multi-slit antenna... 
САВАШИНСКИЙ И. И. Проектирование резонасной многощелевой антенны... 

 

375 

𝑑𝑆 =
𝑘𝑅𝐸𝑆𝑈𝑀𝐴𝑋
𝐸𝐿𝐼𝑀

, (1) 

where 𝑘𝑅𝐸𝑆 = 2: 4 – disruptive voltage reserve coefficient and the more it is the 
more is reserve that's why let be 𝑘𝑅𝐸𝑆 = 4; 

𝑈𝑀𝐴𝑋 = �
𝑃∑
𝐺∑

 – slit center voltage amplitude; 

𝑃∑ – slit emitting power; 
𝐺∑ – slit emitting conductivity calculating in the following way: 

𝐺∑ ≈
0,9𝑅∑
7200𝜋2

,  
where 𝑅∑ = 73 𝑂ℎ𝑚 – half-wave symmetric equivalent vibrator emitting re-
sistance referred to slit center current amplitude; 

𝐸𝐿𝐼𝑀 = 30 𝑘𝑊/𝑐𝑚 – field voltage limit value when electrical disruption 
is coming under air normal atmospheric conditions. 

Let’s find slit emitting power 𝑃∑ taking into account reemitting with 
signal generated interference on the vehicle Doppler speed meter (further it 
would be called as meter) receiver input operating power – 𝑃𝑆 [3]; taking into 
account wave fading coefficient in the meter waveguide taking into account 
waveguide length in the receiving side – 𝛼′ [4]; taking into account meter 
horn-lens antenna gain coefficient  using it as receiving one – 𝐷𝑅𝐶𝑉 [4]; taking 
into account reemitting with signal generated interference distribution way 
losses – 𝛼𝐷𝐼𝑆𝑇𝑅 [5]: 

𝑃∑ = 𝑃𝑆 + 𝛼′ − 𝐷𝑅𝐶𝑉 + 𝛼𝐷𝐼𝑆𝑇𝑅 = (−130,4) + (−2,9) − 17,9 + 123,3
= −27,9 𝑑𝐵 = 10−2,79 𝑊 = 1620 × 10−6 𝑊.  (2) 

Let’s find slit emitting conductivity 𝐺∑: 

𝐺∑ ≈
0,9𝑅∑

7200𝜋2
=

0,9 × 73
7200𝜋2

= 925 × 10−6 𝑊.  (3) 

Let’s find slit width 𝑑𝑆: 

𝑑𝑆 =

𝑘𝑅𝐸𝑆�
𝑃∑
𝐺∑

𝐸𝐿𝐼𝑀
=

4�1620 × 10−6
925 × 10−6
30 × 103

= 1,76 µ𝑚.  (4) 

In order to provide resonant multi-slit antenna construction manufactura-
bility all slits width should be equal to 𝑑𝑆 = 1,76 µ𝑚. 

For wide waveguide side half-wave lengthwise slit resonant length esti-
mation let’s used the following formula: 
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𝑙𝑆 = 2(𝑙 − 𝛥𝑙) = 2�𝑙 −
0,225𝑙

𝑙𝑛 2𝜆0
𝜋𝑑

� = 2

⎝

⎜⎜
⎛𝜆0

4
−

0,225 𝜆04
𝑙𝑛 2𝜆0
𝜋 𝜆02 ⎠

⎟⎟
⎞

= 2�
0,0124

4
−

0,225 0,0124
4

𝑙𝑛 4
𝜋

� = 425 µ𝑚.  (5) 

In order to provide resonant multi-slit antenna construction manufactura-
bility lengthwise and slantwise (angle incline should not exceed 150 otherwise 
parasitic polarization emitting power exceed 1% from all emitting power) length 
of all slits (cruciform slits) should be equal to 𝑙𝑆 = 425 µ𝑚. 

3. Required amplitude-phase distribution 
Let be amplitude distribution along resonant multi-slit antenna as uniform 

one then slits equivalent conductivity can be found according to the following 
formula: 

𝑔𝑛′ =
1
𝑁

, (6) 

where 𝑁 ≈ 𝐺𝑆
3

 – slits quantity approximately equal to resonant multi-slit antenna 
directivity coefficient; 

𝐺𝑆 ≈ 𝐺𝐻𝐿 = 138 – let be resonant multi-slit antenna and horn-lens anten-
na directivity coefficients are the same [4]. 

4. Constructive estimation 
Knowing resonant multi-slit antenna main maximum direction 𝜃𝑚 – nor-

mal (𝜃𝑚𝑎𝑥 = 900,𝑛 = 0), and its way of energizing – π, let’s set maximum 
possible generator wave delay coefficient in the rectangle waveguide 𝛽 = 𝜆

𝜆0
=

= 0,91 → 1 and let’s find wave in waveguide to narrow waveguide ratio from 
the nomogram of the figure 1 in case of 𝜆0

𝑎
= 1,82 [2]: 

Second stage conductivities provisioning should be made by slits dis-
placement on wide waveguide side b at a quarter of its width from the midline 
𝑥𝑛 according to the following formula: 

𝑥𝑛 =
𝑎
𝜋
𝑎𝑟𝑐𝑠𝑖𝑛�

𝑔𝑛′

𝑔𝑚𝑎𝑥′ , (7) 
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Fig. 1. Multi-slit antenna estimation nomogram for π way of energizing. 

 

Рис. 1. Номограмма для расчета многощелевых антенн при  
π способе возбуждения 

where 𝑔𝑚𝑎𝑥′ = 2,09 𝑎𝛽
𝑏
𝑐𝑜𝑠2 𝜋𝛽

2
 from where based on (6) and wave in wave-

guide to narrow waveguide ratio 𝜆0
𝑎

 let’s find the following formula for wide 
waveguide side b: 

𝑏 =
4𝜆0

1,82𝜋
𝑎𝑟𝑐𝑠𝑖𝑛�

𝑏

𝑁2,09 𝜆0𝛽
1,82𝑏 𝑐𝑜𝑠

2 𝜋𝛽
2

.  (8) 

Based on (8) we found that wide rectangular waveguide side is equal to 
𝑏 = 0,006297 𝑚 and narrow rectangular waveguide side is equal to              
𝑎 = 0,006813 𝑚 those even if maximum possible generator wave delay coeffi-
cient in rectangular waveguide is equal to 𝛽 = 0,91 variant with wide side b 
and narrow side a of rectangular waveguide is impossible then let’s use square 
waveguide with sides equaled to 𝑎 = 𝑏 = (0,006813+0,006297)

2
= 0,00656 𝑚 for 

which wave delay coefficient is equal to 𝛽′ = 0,99277. 
Also resonant multi-slit antenna for its matching possibility with feeder is 

supplied with short-circuited piston in the end located from last slit center in the 
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following distance 𝑙0 = (2𝑛 + 1) 𝜆0
4

, where 𝑛 = 0 those in the following dis-
tance 𝑙0 = 0,0031 𝑚. 

Final resonant multi-slit antenna length is the following: 

𝐿 = 𝑑𝑁 + 𝑙0 =
0,0124 × 46

2
+ 0,0031.  (9) 

5. Antenna electrical estimation 
Resonant multi-slit antenna with short-circuited piston in the end effi-

ciency coefficient is closed to one those 𝑛𝑆 = 0,95. Then resonant multi-slit 
antenna gain coefficient is equal to 𝐷𝑆 and it can be found according to the fol-
lowing formula: 

𝐷𝑆 = 𝐺𝑆𝑛𝑆 = 138 × 0.95 = 131 = 21,2 𝑑𝐵.  (10) 

6. Conclusion 
So device resonant multi-slit antenna used for vehicle Doppler speed meter 

radio-electronic repression designing process considered as completed one because 
all designing stages are considered and all missing antenna parameters are found. 

References 
[1] G. N. Kocherzhevskij, G. A. Erohin, N. D. Kozyrev, Antenno-fidernye ustrojstva: uchebnik 

dlya VUZov [Antenna-feeder devices: textbook for universities]. Moskow : Radio i svyaz’, 
1989. (In Russ.). 

[2] D. M. Sazonov, Antenny i ustrojstva SVCH: uchebnik dlya VUZov [Antennas and microwave 
devices: a textbook for universities]. Moskow: Vysshaya shkola, 1988. (In Russ.). 

[3] I. I. Savashinskiy, “Active masking noise energy parameters finding used for vehicles speed 
measurement system “Iskra-1” radio-electronic repression,” Tekhnicheskie nauki v mire: ot 
teorii k praktike [Engineering in the world: from theory to practice], pp. 76–81, 2016. 

[4] I. I. Savashinskiy, “Active masking noise no energy parameters finding used for vehicles speed 
measurement system “Iskra-1” radio-electronic repression,” Nauka v sovremennom 
informacionnom obshchestve [Science in the modern information society], pp. 113–115, 2016. 

[5] D. A. Osincev, Proektirovanie sistemy peredachi dannyh telemetricheskih izmerenij: 
metodicheskie ukazaniya k vypolneniyu kursovogo proekta [Design of a telemetry 
measurement data transmission system: guidelines for the implementation of a course 
project]. Ekaterinburg : Ural'skij federal’nyj universitet im. pervogo Prezidenta Rossii 
B. N. El’cina, 2016. (In Russ.). 

Список литературы 
1.  Кочержевский Г. Н., Ерохин Г. А., Козырев Н. Д. Антенно-фидерные устройства: 

учебник для ВУЗов. Москва : Радио и связь, 1989. 352 с. 
2.  Сазонов Д. M. Антенны и устройства СВЧ: учебник для ВУЗов. Москва : Высшая 

школа, 1988. 432 с. 



SAVASHINSKIY I. I. Design of the hidden device multi-slit antenna... 
САВАШИНСКИЙ И. И. Проектирование резонасной многощелевой антенны... 

 

379 
3.  Active masking noise energy parameters finding used for vehicles speed measurement system 

“Iskra-1” radio-electronic repression / И. И. Савашинский // Технические науки в мире: от 
теории к практике : материалы междунар. науч.-практ. конф. 2016. С. 76—81. 

4.  Active masking noise no energy parameters finding used for vehicles speed measurement system 
“Iskra-1” radio-electronic repression / И. И. Савашинский // Наука в современном информа-
ционном обществе : материалы 9 междунар. науч.-практ. конф. 2016. С. 113—115. 

5.  Осинцев Д. А. Проектирование системы передачи данных телеметрических измерений : 
методические указания к выполнению курсового проекта. Екатеринбург : Уральский 
федеральный университет им. первого Президента России Б. Н. Ельцина, 2016. 21 с. 

Information about the authors 
Ilya I. Savashinskiy, Postgraduate, Assistant of Ural Federal University named after the first 
President of Russia B. N. Yeltsin, Ekaterinburg, Russian Federation. 

Информация об авторах 
Савашинский Илья Игоревич, аспирант, ассистент Уральского федерального университета 
имени первого Президента России Б. Н. Ельцина, Екатеринбург, Российская Федерация. 


