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Abstract: The subject of passive radars has been advancing lately due to the progress in
supercomputing hardware and its broader availability, mobility and lower power consumption. Passive radars
have implementation in tasks such as detection, tracking and identification of radio-reflecting targets, either flying,
sailing or ground-based. Passive radars are also productive in science, specifically in remote sensing of the
ionosphere from the Earth’s surface. Their major advantage over active radar systems is the absence of a
maintained radio transmitter and of all related drawbacks such as licensing, disclosure of location, high power
consumption, etc.

Multistatic passive radars are essentially the state-of-the-art in this technology. They deliver unmatched
quality of detection and imaging due to the utilization of multiple transmitters and/or receivers.

The present paper focuses on a novel multistatic passive radar now under development at the Space
Research and Technology Institute — Bulgarian Academy of Sciences. The radar makes use of commercial
broadcasting transmitters located in Bulgaria and some of the neighbouring countries. The frequency range of the
radio waves is 87.5 to 108 MHz and the modulation is FM.

Our novel system has protection from the Bulgarian Patent Office by Utility Model #3928 / 29.0ct.2020.

MYNTUCTATUYEH NACUBEH PAOAP 3A NOHOC®EPHU U3CNEOBAHUA
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Knrovyoeu dymu: MynmucmamudeH nacuseH padap, lNacueeH padap 3a UOHOCEPHU u3cied8aHus.

Pe3rome: Temama 3a nacusHume palapu Harnpedsa 8 rocredHo epeme rnopadu npozpeca 8
CyrnepKoMMomMBbpHUST xaplyep U Hezoeama Mo wupoka 00CmbIHOCM, MOOUTHOCM U MO-HUCKa KOHCYyMauusi Ha
eHepeus. MNacusHume padapu umam rpusioXeHuUe 8 3adayu Kamo omkpueaHe, criedeHe U udeHmugukayus Ha
paduo-ompaxameJsiHu Uesnu, Kakmo fiemsuju maka u rnnasamesiHu U HaseMmHu. lNacusHume padapu ca none3Hu
8 Haykama, KOHKpemHo 8 OucmaHUUOHHUmMe u3cnedsaHus Ha UoHocghepama om rnoebpxHocmma Ha 3emsma.
OcHosHOmMO uM npedumcmeo nped akmugHume padapHuU cucmemu e Jfurncama Ha rMo00pbXKa Ha
paduornipedasamesniu U B8CUYKU CBIpogoxOawu au HedocmambUu Kamo JluyeH3upaHe, paskpueaHe Ha
MeCcmOoHaxox0eHUemo, 8UCOKa KOHCYMayusi Ha eflekKmpoeHepausi u op.

MynmucmamuyHume nacueHu padapu ca 8 delicmeumesTHOCm 8bPX080MO HUBO Ha MexHuUkama 8
ma3su obnacm. Te npednazam kayecmeo 6e3 KOHKYPeHUUsl Mpu OMKpUgaHemo Ha uenu u cb3dagaHemo Ha
usobpaxeHusi Ha HabnwdasaHume obekmu. Toea ce nocmuea 4Ype3 U3ron3eaHe Ha MHOXecmeo rnpedasamenu
u/unu npueMHUyU.

Hacmosiwiaama cmamusi ce ¢bokycupa 8bpxy UHO8amuBeH Mysmucmamu4eH rnacueeH padap kolmo 8
MomeHma e 8 npouec Ha pa3pabomka 8 MlHcmumyma 3a KocMu4Yecku u3criedsaHusi U mexHonoauu — bbrzapka
akalemusi Ha Haykume. Padapbm u3rnondsa KomepcuasnHu paduorpedasamerniu 3a paduo pa3srpbCKeaHe,
Hamupawu ce 8 bbreapusi U HKOU om cbcedHume Obpxxasu. HYecmomHusim obxeam Ha paduo 8bsiIHUMe € om
87.5 do 108 MHz, a modynayusima e 4ecmomHa.

Hawama uHosamusHa cucmema pasrnonaza cbC 3awjuma om [lameHmHo eedomcmeo Ha Penybriuka
Bwnzapus ypes noneseH modes1 Ne3928 om 29.10.2020.
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Introduction

The passive radar systems are employed in detection, identification and tracking of objects,
either flying, sailing or traveling on the ground. The passive radar does not rely on purposefully
created and maintained radio transmitters, but instead uses transmitters of opportunity also called
non-cooperative transmitters. When the radio waves emitted by the radio transmitters of opportunity
bounce back from the target, the reflected waves are received by the radio receiver of the passive
radar. Direct waves from the transmitters are also received. After appropriate computations the
target’s parameters are found such as speed, direction of movement, etc. (see Fig. 1).
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Fig. 1. The passive radar is used for ionospheric sounding. Transmitters of opportunity emit radio waves that
bounce back from the ionosphere and are received by the radar equipment.

The passive radar can be used to observe small and large objects and it is suitable for
observation of the ionosphere which is a large object with reflective properties in the high frequency
(HF) and very high frequency (VHF) radio bands. Currently in Bulgaria there are no operational
passive radars for ionospheric observations. The instrument that is sounding the ionosphere and is
operational is the ionosonde station at the Geodesic Observatory “PLANA” belonging to the National
Institute of Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences. Due to the
requirements for the transmitters to have considerable power, specific modulation and be working in
the mentioned radio bands, only the frequency modulated (FM) commercial broadcasting transmitters
are applicable as transmitters of opportunity for ionospheric observations.

Passive radars are of two major types: bistatic or multistatic. The bistatic variant employs one
receiver and one transmitter, while multistatic passive radars use several non-cooperative transmitters
and/or several receivers, all of which are located at considerable distances from each other. Multistatic
passive radars offer the ability to create 3D image of the observed volume — a beneficial feature for
ionosphere remote sensing.

Recently, passive radar developments have grown in number due to their alleged potential to
detect stealth aircraft. This is possible only when employing non-cooperative transmitters emitting
radio waves in the VHF and lower radio bands where the wavelength is long enough to counteract the
stealth countermeasures of the aircratft.
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Fig. 2. Each passive radar station consists of several antennas, multichannel radio receiver and computational
unit. The latter encompasses a central processing unit and auxiliary hardware for acceleration of the
computations.
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A novel multistatic passive radar for ionospheric observations

Our system is designed to work in the FM broadcasting commercial radio band occupying the
frequencies between 87.5 and 108 MHz. A special antenna has been devised with advantageous
properties (see Fig. 2) — a mechanically articulated and electronically tuned magnetic loop antenna.
Our radar system is a network of stations interconnected over the Internet (see Fig. 3). Each station
can work independently from all the others. Each station is essentially a standalone multistatic passive
radar relying on several FM commercial broadcasting transmitters emitting at different frequencies and
from different locations. The transmitters of opportunity are chosen according to the signal coverage,
power and frequency through a dynamic process.
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Fig. 3. The passive radar system may be organized as a network of units (stations) communicating with each
other over the Internet

To be able to receive more than one transmitter signal simultaneously, each receiver employs
several receiving antennas (see Fig. 2). Receivers are of a multichannel design. Magnetic loop
receiving antennas are used for their superior qualities in regard to the passive radar operation. The
receiver picks up both the reflected and direct signals from transmitters of opportunity. After reception
the signals are digitized and processed through digital signal processing in a computational unit. Such
a system exhibits enormous computational demand. The extracted information from the signal that
characterizes the observed objects is related to the computational power of the system. Hence, to
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realize the computational unit adequately, special hardware and software are needed. In the recent
years, low cost, low weight and low power consumption supercomputing hardware started to appear
on the market. It can be engaged in the radar computational unit. Such hardware, apart from fast
multicore central processing units (CPUs), are the graphics processing units (GPUs) and field-
programmable gate arrays (FGPAS).

Special attention should be payed to the FPGAs because their advantage is manifested when
implementing large number of similar very simple operations in a parallel algorithm (see Fig. 4).
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Fig. 4. FPGA hardware applicable to passive radar systems. On the left: Stratix FPGA chip from Altera — Altera
Corporation, CC BY 3.0 <https://creativecommons.org/licenses/by/3.0>, via Wikimedia Commons; on the right: a
Xilinx Zyng 7000 development board block diagram — Xilinx Inc., CC BY-SA 3.0
<https://creativecommons.org/licenses/by-sa/3.0>, via Wikimedia Commons.

The employed VHF band

There are well defined criteria for choosing the working band. The FM broadcasting
commercial radio band between 87.5 and 108 MHz is in the VHF range (30 to 300 MHz). There is a
rule of thumb implying that for ionospheric observations the lower the frequency the better the
reflection shall be. This rule is true for frequencies as low as the top of the HF band. Apart from the
FM broadcasting transmitters there are no other transmitters of opportunity working in VHF or HF
bands and located in the region of Bulgaria — where the first prototype shall be installed. Yet, there are
a number of FM broadcasting transmitters in our country with powers of 10 kW.

Table 1. Transmitters of opportunity in the region of the city of Sofia

Transmitter Location Frequency Power
Bulgarian National Radio | Kalofer, radio-relay and television station — Botev Peak, | 92.20 MHz 10 kW
Hristo Botev Bulgaria

Bulgarian National Radio | Kalofer, radio-relay and television station — Botev Peak, | 100.90 MHz | 10 kW
Horizont Bulgaria

Bulgarian National Radio | Vitosha Mountain TV Tower — Kopitoto Peak, Bulgaria 92.90 MHz 10 kW
Hristo Botev

Bulgarian National Radio | Vitosha Mountain TV Tower — Kopitoto Peak, Bulgaria 103.00 MHz | 10 kW
Horizont

Bulgarian National Radio | Berkovitsa, radio-relay and television station — Petrohan | 99.50 MHz | 7 kW
Hristo Botev Pass, Bulgaria

Bulgarian National Radio | Berkovitsa, radio-relay and television station — Petrohan | 101.40 MHz | 10 kW
Horizont Pass, Bulgaria

Bulgarian National Radio | Kyustendil, radio-relay and television station — Viden | 102.10 MHz | 10 kW
Horizont Peak, Bulgaria

Radio and Television of | Pirotski Crni Vrh, Serbia 98.5 MHz 15 kW
Serbia, Radio Belgrade 1

Radio and Television of | Pirotski Crni Vrh, Serbia 101.0 MHz 15 kw
Serbia, Radio Belgrade 202

Radio and Television of | Rosomag, Serbia 93.4 MHz 15 kw
Serbia, Radio Belgrade 1

Radio and Television of | Dimitrovgrad, Serbia 94.2 MHz 15 kW
Serbia, Radio Belgrade 1

Radio and Television of | Basara, Serbia 98.8 MHz 15 kw
Serbia, Radio Belgrade 1
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For example these are the state owned broadcasting transmitters emitting the Bulgarian
National Radio (BNR) programmes Horizont and Hristo Botev. The neighbouring countries also offer
transmitters of opportunity. A good example are the transmitters in Serbia located not far away from
the Bulgarian-Serbian border at high elevations. Table 1 summarizes some of the available
transmitters of opportunity mostly suitable if the passive radar station is located in the area of the city
of Sofia.

Conclusion

The passive radar has numerous applications of which greatest significance for us is presented
by the scientific application in ionospheric remote sensing. Our novel design of a multistatic passive
radar follows our knowledge and experience gained during the development of radioSolariz solar radio
telescope www.radiosolariz.space. We aim at finalizing the prototype development and performing
initial tests in the coming months. For the future we anticipate tests with different types of antennas
and computation acceleration hardware.
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