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Abstract: The current article presents an autonomous multistatic passive radar station power storage
technology. The autonomous station is connected through wireless means to data server. It has solar batteries as
power source and utilizes supercapacitors for energy storage. The station requires no maintenance and is expected
to function without aid for at least 10 years. It may require only cleaning in cases of being contaminated with soil
and debris as a result of meteorological conditions. The main challenge in such a device is the design of the unit
for storing energy during the night hours where there is no solar radiation. The number of charge and discharge
cycles of the energy storage module is at least 3650 for 10 years period but may increase tenfold or more due to
intermittent surges in power demand during burst communication sessions or high energy consumption transient
computational operations. Another factor contributing to increase of the number of charge/discharge cycles is the
irregularities in solar irradiation due to the uneven cloud cover and other weather phenomena. Most battery
chemistries would degrade significantly throughout the lifetime of the station and beyond a fraction of the expected
30000 charge and discharge cycles.

Supercapacitors are a new technology for energy storage suitable for stationary apparatuses providing
such long periods of operation and large number of charge/discharge cycles reaching millions. This paper
elaborates on the benefits of implementing supercapacitors as major energy storage unit in stationary autonomous
devices for remote sensing applications and specifically for autonomous solar powered base stations for passive
radars. To achieve clarity we disclose the deployment of supercapacitor power bank as part of a complete design
of multistatic passive radar station and we analyse the power requirements of all modules in such a station. Further,
comparison with wide spread rechargeable battery technologies is provided and all the benefits and drawback of
supercapacitors thereof are established.
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Pe3rome: Hacmosiwyama cmamusi npedcmassi mexHoo2us 3a CbxpaHeHue Ha eHepausima, Heobxooduma
3a pabomama Ha aemoHoMHa ba3oga crmaHyus 3a MynamucmamuyeH nacuseH padap. A8moHoMHama cmaHyus e
cebp3aHa be3XKUYHO KbM Cbp8bp 3a 0aHHU. T pasnonaza CbC COnapHU rnaHesiu, om Koumo rosyJyasa eHepausi 3a
pabomama cu. EHepeusima ce cbxpaHsiea 8 cyrnepkoHOeH3amopeH Modyn. CmaHuyusima He ce Hyxdae om
noddpwxka u ce odyakea 0a pabomu rnoHe 10 2o0uHu 6e3 rpekbceaHe. EQUHCMBEHO € 8b3MOXHO HeUHOMmO
royucmeaHe, ako Hacmbu 3aMbpcsieaHe ecredcmeue  MemeoposioeudHume  ycrnosusi.  OCHO8HOMO
npedu3suKkamersicmeo 8 ycmpoulicmeomo e KOHCmMpyKyusima Ha Modyna 3a CbXxpaHeHue Ha eHepausima o epeme
Ha MbMHUHa, HOW, unu Opyeu cumyayuu Ha Jfurca Ha ciibHYyesa ceemisuHa. bposm Ha 3apexdaHusma u
paspexdaHusima Ha Modyra 3a cbxpaHeHue Ha eHepausima e noHe 3650 3a 10 200uHuU, HO Moxe Oa ce ysenu4yu
decemokpamHo unu roseye nopadu KpamxkompalHu HapacmeaHusi 8 KOHCyMmupaHama MouwjHocm ropadu
KOMYHUKaUUOHHU cecuu Umu 02paHuYeHU ro epeme usqucnumerHu 3adadyu, Koumo usuckeam 20/siMa MOWHOCM.
[pya chakmop donpuHacsaw, KbM ygenudeHuemo Ha 6posi 3apexoaHusi/pa3pexoaHusi e MPoMsiHama 8 C/TbH4Ye80Im0
epeeHe Kamo pe3ysimam om HepasHoOMepHocmma Ha obnayHa cmpykmypa u Opyeu Memeoposio2uyHU SI8I1EHUS.
lMoseyemo wWUPOKO pa3npocmpaHeHu XuMu4ecku ¢opMynu Ha akymynamopHu bamepuu npedrnonazam
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OeepadupaHe Ha bamepuume 3Ha4YUMesNIHO rnpedu KpalHusi bpol 3apexdaHusi/pa3pexOaHusi Mo epeme Ha
eKkcriioamayusima Ha cmaHuyusima, kolimo 6poli ce npedsuxda da e noHe 30000.

CyrniepkoHOeH3amopume ca Ho8a MEeXHOJI02Us] 38 CbXpaHeHUe Ha eflekmpuyecka eHepaus, nooxooauwu
3a cmauyuoHapHuU ycmpoticmea. Te npedocmassm MHO20 ObJibe r1epuod Ha ekcrroamauus u 20n1am 6pol Yuknu
Ha npesapexdaHe om ropsidbka Ha MUAUoHU. Hacmoswama cmamus Ouckymupa npedumMcmeama Ha
gHedpsisaHe Ha CyrnepKoHOeH3amopume Kamo OCHO8eH MOy 3a CbXpaHeHUe Ha eHepausima rnpu cmayuoHapHU
asmoHOMHU ycmpoticmea 3a 0ucmaHUyUOHHU U3cr1ede8aHusi U Mo-KOHKPEeMmHO rnpu aemoHOMHU 6a308u cmaHyuu 3a
rnacueHu padapu, 3axpaHeaHU CbC coflapHU naHenu. 3a Oa ce rnocmueHe scHOmMa Hue pasenexoame
MpuUoXeHUemo Ha cyrepkoHOeH3amopume 8 e0Ha 3a8bplieHa KOHCMPYKUUSI Ha CmaHUyus 3a Myimucmamu4yeH
nacueeH padap U aHanuaupame U3UcK8aHUsima KbM MOWHOCMIMa Ha 8CUYKU 38eHa 8 ma3u cmaHyusi. Cbujo maka
cmamusima rpaeu cpasHeHue Mexdy [0-pa3npocmpaHeHume MexHOMo2uU Ha akymymnamopHu 6amepuu u
cynepkoHOeH3amopume u u3eexda npedumMcmeama u Hedocmambuyume Ha nocredHume.

Introduction

Remote sensing applications require specialized equipment to carry out data acquisition, data
processing in situ, communications and transfer of collected and processed data, data storage, etc.
Remote sensing devices are either spaceborne, airborne or Earth’s surface based. All spaceborne and
airborne applications along with sea sailing equipment require autonomous power sources while Earth
based devices may or may not need such power unit. Those Earth based apparatuses that are stationary
and located far away from energy infrastructure do require autonomous power systems such as solar
panels and rechargeable batteries for energy storage.

Passive radars are remote sensing systems consisting of one or more base stations [1-3]
(see Fig. 1). Each base station is, in most cases, non-mobile and located at a distance from city
infrastructure or power lines — in areas of low radio interference, i.e. in forests, mountains, distant
valleys, structural basins, etc. The unavailability of external power source raises the need for an
autonomous one.

There is a variety of power sources that can be used in autonomous remote sensing devices.
Some of the available variants are:

e Primary (non-rechargeable) chemical batteries

e Nuclear batteries

e Thermoelectric generators using gas combustion
e Thermoelectric generators using solar heat

e Thermoelectric generators using geothermal energy
e Solar panels

e Solar heat Stirling engine generator

e Wind turbines

e Seatides generators

¢ Internal combustion engine generators

e Water column energy generators

Many of these power sources are cumbersome, require specific natural resources in the vicinity
of the station, have short life or require frequent maintenance and supply of fuel. As such they are
inappropriate for long life remote sensing base stations located in random hardly accessible regions.
The following subset lists the more widely used power sources that do not require frequent maintenance:

e Primary chemical batteries
e Solar panels

Primary chemical batteries provide adequate power supply independent from external factors,
thus guaranteeing constant maximum power output and being perfectly suitable for the unpredictable
and irregular power demand of many remote sensing devices. The major drawback of primary cells is
their very limited energy storage. Devices with high power requirements operating for prolonged periods
of time would require very large banks of primary cells, which are costly or even not feasible.

Solar panels happen to be the preferred alternative. They have one significant drawback — the
power output is not constant and depends of external factors. An energy storage unit is thus required.
In satellites where solar power is also often the preferred power source, the electrical energy from the
solar panels is stored in capacitors or secondary (rechargeable) cells. The same options are valid for
Earth based devices. While secondary batteries have higher power density, they do lack longevity and

164



provide limited number of charge/discharge cycles in comparison with supercapacitors. For devices
located at Earth’s surface power density is seldom an issue and here is where supercapacitors come
into favour. They have much lower power density in comparison with rechargeable batteries but also
have a number of benefits such as:

e Charge and discharge cycles in the range of millions

o Very high efficiency of the charge and discharge cycles

e Long life

e High surge current of charge and discharge

e Wide temperature range of operation having no noticeable degradation of efficiency
especially at lower temperatures
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Fig. 1. Passive radar system employing solar panel power supply and supercapacitors energy storage

Multistatic passive radar station

This article discusses the implementation of supercapacitors in multistatic passive radar base
station (Fig. 1). Although the approach is suitable for any stationary remote sensing platform, the
implementation of supercapacitors as energy storage unit is demonstrated best when viewed as part of
a complete device design. Passive radar stations are notorious for their high power consumption that
may happen intermittently in bursts or take place for certain medium duration periods of time, both during
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the day and night hours [4, 5]. Hence, these remote sensing devices are good examples of the
applicability of supercapacitors as power storage unit in remote sensing base stations.

The employed design in this article is of an autonomous passive radar station. The latter consists
of antennas, radio receiver, control and computational unit, communications module and energy source.
The passive radar station uses communication systems that are wireless due to its In-the-field nature.
Various wireless networks may be incorporated such as satellite phones, terrestrial cell phone networks,
proprietary wireless networks, and wireless Internet access. The last option is getting increasingly
available in many locations. More specifically, in the cases of passive radar station Wi-Fi networks are
available when the station is positioned near research or scientific facilities. For these reasons, the
currently discussed design relies on Wi-Fi wireless Internet access. With the use of range extenders Wi-
Fi communication may be established at long distances of few to few tens of kilometres. We should
mention that the implementation of Wi-Fi radio link in the passive radar station renders the latter an
Internet-of-things (1oT) device. Available Wi-Fi modules are of various kinds, for example single board
modules and standalone devices. On the other hand, if a dedicated personal computer, such as a
notebook, is involved in the design of the station it is this computer that will provide the whole system
with a Wi-Fi connection hardware.

As it was already stated, a multistatic passive radar system requires, in most cases, significant
computational power. The core of the station, for this reason, is a high performance computer. In accord
with the implemented algorithms, a single board computer or a notebook might be utilized. Recent
developments of single board computers do include Wi-Fi modules, so everything said so far for the
laptop option in regard to the Wi-Fi radio link holds for the case of implementing a single board computer.

To be able to fulfil high demand computations, the computer graphics card, also known as
graphics processing unit (GPU), is most likely to be utilized by the installed software for computations
[6-8]. The GPUs installed in modern personal computers provide high performance parallel computing
that outperforms any modern central processing unit (CPU). Even single board computers lately come
equipped with inbuilt GPU. The GPUs are power hungry and may require anywhere from 2 to 200 watts
of power to run at full capacity depending on the number of cores they involve, the chip die technology
they are manufactured with, etc.

As a conclusion, it is beyond doubt that the major power consumer in the passive radar station is
the GPU. Energy demand by any of the other systems is tens of times lower and does not impact
significantly the energy consumption of the whole station.

Modern supercapacitors

Modern supercapacitors are provided in various capacities, but the most prominent large capacity
cell is the 3000 farads cell weighing around 0.5 kg (Fig. 2). Most supercapacitors with the given capacity
have maximum voltage of charge of 2.7 V (see Table 1). This voltage establishes energy in the range
of 10935 J or 3.0375 Wh. Most cells with 3000 F capacity have energy density in the vicinity of 6 Wh/kg.
Another important factor when choosing the supercapacitors for the passive radar autonomous station
is the temperature range. Most parts exhibit wide temperature range of operation from —40°C to +65°C.

Table 1. Supercapacitor manufacturers and models suitable for remote sensing base stations

Manufacturer Capacity Voltage Energy Weight Energy Temp. Internal

[F] [V] [Wh] [ka] density range resist.

[Whikg] |[°C] [mQ]

KEMET 200 2.70 0.203 0.062 3.274 -25/+60 30.00
AVX 3000 2.70 3.038 0.500 6.076 -40/+65 0.20
Eaton 3400 2.85 3.836 0.600 6.393 -40/+65 0.23
Cornell 800 2.30 0.588 0.074 7.946 -25/+70 10.00
Dubilier
Maxwell 3400 3.00 4.250 0.490 8.673 -40/+65 0.13
Technologies
Vishay 100 3.00 0.125 0.020 6.250 -40/+85 22.00
Wiirth 350 2.70 0.354 0.065 5.446 -40/+65 3.50
Elektronik
Green-Cap 3000 2.70 3.038 0.540 5.626 -40/+65 0.28
SPS-CAP 3000 2.70 3.038 0.548 5.544 -40/+65 0.29
GDCPH 3000 2.70 3.038 0.500 6.076 -40/+65 0.29
IOXUS iCAP™ 3000 2.70 3.038 0.510 5.957 -40/+65 0.26

This temperature range is suitable for field deployed base stations installed at locations in
Bulgaria. Still another important characteristic of the supercapacitors is the number of charge and
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discharge cycles. For all products on the market this number is above half a million — adequate for the
described application.

Additional parameters of interest are the internal resistance and leakage current. All
supercapacitors have negligible internal resistance and for the 3000 F samples it is around 0.3 mQ. The
leakage current for these capacitors is around 5 mA which is too small to be of significance during the
daily charging cycle.
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Fig. 2. Some supercapacitors of the 3000 F range most suitable for designing energy storage modules

Comparison between supercapacitors and secondary batteries

There are many benefits of employing supercapacitors for energy storage over the best available
types of secondary (rechargeable) batteries. These advantages were already mentioned.
Supercapacitors, nevertheless, do have some drawbacks and these are:

1. Lower energy density. Most widely available energy density is only 6 Wh/kg while the secondary
batteries of the Li-lon type (most common) is around 216 Wh/kg or 36 times higher.

2. The voltage varies widely from the maximum completely charged voltage of 2.7 V to near 0 V
when fully discharged. Special circuitry for utilizing the full energy capacity of the
supercapacitors is required.

Energy requirements of a multistatic passive radar station and suitability of
supercapacitors in providing the expected energy storage capacity

Our calculations show that powering a laptop based passive radar station with average power
consumption of 100 W and 16 h dark time (worst case) requires 1600 Wh of stored energy. To achieve
this energy capacity the station needs 550 cells having total weight of 270 kg. This figure surely seems
alot but it is the solar cells that establish station’s dimensions. And the latter are quite large. The needed
solar cell area for 200 W power output under overcast sky is equal to 2000 W installed nominal power
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under clear sky. This makes for a solar cell area of 20 m2. Having 270 kg of supercapacitor bank weight
now seems adequate in relation to these dimensions of the station.

On the other hand, if lower power consumption computer is implemented, i.e. instead of a laptop,
a single board computer with 5 W power consumption and we add another 5 W for the different modules
in the base station such as radio receiver and Wi-Fi module, then we come to 10 W total power
consumption. This is 10 times less than the first example leading to 27 kg super capacitors and 2 m2
surface area of the solar cells rendering the base station suitable for easy carrying by two to four people.
Whether we choose a laptop computer or a single board low power computer depends on the algorithms
implemented [9-11].

Conclusion

To avoid radio noisy environment, a multistatic passive radar station needs to be deployed at
locations where nearby infrastructure and maintenance personnel would be unavailable. Device of this
kind requires endurance under harsh meteorological conditions. Another necessity is the establishment
of a radio communication link to data servers. And finally, said device has to be equipped with an energy
source with adequate power capabilities.

The last prerequisite is readily fulfilled by employing solar panels for energy generation and
supercapacitors for energy storage. The supercapacitors, being the advisable solution for energy
storage in this case, provide many gains over traditional energy accumulating components — secondary
batteries. Implementation of supercapacitors in future projects of remote sensing devices is promising
feat and the authors intend to investigate and research engineering venues and designs taking
advantage of supercapacitors for energy storage [9, 10].
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