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The article represents an overview of the different hazards for the operation of Unmanned Aerial 

Vehicles (UAV) in particular spacecrafts due to the environment in outer space. After a brief history 

overview of the human inventions related to building aircrafts and spacecrafts a deeper exploration of 

the environment in outer space is conducted. The focus falls mainly on the temperature differences in 

space and the difficulty in equipment cooling resulting from this situation. So necessary the question 

for a qualification of the different energy generation system arises. Solar panels, thermoelectric 

generator and nuclear generators are considered. Main hazards for the spacecrafts due to ionizing 

radiation, micrometeorites and cosmic dust are discussed. Special attention is paid to the Van Allen 

radiation belts around the Earth as a source of ionizing particles. The influence of the different outer 

space factors on the spacecrafts on-board electronics are explored. The article focus is on future 

manned and unmanned spacecrafts expeditions to the planet Mars.  
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Анализ на рискове на БЛС в космическите мисии (Васил Василев, Емил Владков). Тази 

статия е обзорна и представлява преглед на различните опасности при експлоатация на Без-
пилотни летателни средства (БЛС), в частност космическите летателни апарати породени 

от условията в космическото пространство. След кратък преглед на историята по изобретя-
ването на технологията обвързана с изграждането на летателни и космически летателни 

апарати се извършва по-задълбочен анализ на обстановката в откритият космос. Фокусът 

попада главно върху температурните разлики, които могат да се наблюдават там, както и 

трудността по-охлаждането на оборудването поставено в подобна среда. От тук се пораж-

да необходимостта от квалификация на различните системи за генериране на енергия. Опи-

сани са слънчевите панели, термоелектрическите генератори и ядрените реактори. Обсъдени 

са също основните опасности за космическият летателен апарат като йонизиращи лъчения, 
микро-метеорити и космически прах. Специално внимание е обърнато на радиационните ко-

лани на Ван Алън, намиращи се около планетата Земя, като източник на йонизиращи високо-

енергийни частици. Представени са влиянията на различните космични фактори влияещи на 

бордовата електроника. Статията е фокусирана на описването на различните препятствия 
и проблеми, които един летателен апарат може да срещне при бъдещи експедиции на Марс. 

 

I. Brief history of the development of mankind 
build aircrafts and spacecrafts 

From ancient times mankind has been watching the 
skies wondering, what where those small lights every 
night, how they are functioning and how they were 
moving. Different civilizations explained them by 
creating tales about Gods and how they created every-
thing all around us, starting with the heavens above. 
Only in the beginning of the last century mankind was 
able to make his long lasted, dream come true and to 
observe the Earth from an orbit, realizing how small 
and insignificant we appear compared to the vast uni-
verse, and get a little bit closer to those mysterious 
stars inspiring many authors and scientists imagining 
what will be like going there. Unfortunately, the idea 
and the development of the necessary flying vehicle 

started during the Second World War. In Nazi Germa-
ny one engineer called Werner von Braun was ob-
sessed with the idea of space travel and to achieve his 
dream he developed one of the most powerful weap-
ons in the German arsenal – the rocked “V2” [1]. It 
was not manned guided and it was capable to travel 
325km at 88km attitude and deliver 910kg of explo-
sives causing great damage to its target. His invention 
leaded to the deaths of thousands of English and Bel-
gian citizens. After the end of the war the two super 
powers the USA and the USSR have not divided the 
technological achievements of the Germans equally. 
The USA recruited their best scientists, one of which 
was Werner von Braun. The USSR on the other hand 
relied more on the research of the captured “V2” 
rockets. The progress of understanding how the en-
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gine worked was faster in the Soviet Union compared 
to the USA and on 4th of October 1957, they sent the 
first artificial satellite into orbit around in the Earth – 
“Sputnik 1” [2]. This event started the beginning of 
the so called “Cold War”. A time where the two super 
powers raced each other for space technological supe-
riority, because back then everyone were terrified by 
the idea of the enemy country to launch and detonate 
nuclear weapon from a spacecraft. Thanks to all the 
tests and progress made by the USA and the USSR for 
very short amount of time scientists were able to un-
derstand and learn about one very different environ-
ment compared to the one here on the surface – the 
space. All of the research and development done be-
tween 1958 – 1969 created the foundations of our 
modern world – communications, astronomy, comput-
er science etc. 

II. Environment in outer space 
When we hear about space most of us are imagin-

ing pleasant and graceful feeling of weightlessness 
and tranquility. In reality space is filled with different 
hazards – ionizing radiation, gamma bursts and mi-
crometeorites. Also, this is an environment that is 
considered as an absolute vacuum, meaning there is a 
lack of atmosphere. For an unmanned spacecraft the 
lack of pressure is not such a big problem for it to 
function correctly. The main thing that needs to be 
considered when it is in the developing stage is when 
there is a lack of atmosphere heat transfer can be done 
only by two means – thermal conductivity (conduc-
tion) and thermal radiation. Every system in a certain 
spacecraft can operate in specific thermal range. Un-
fortunately, in space the temperature can vary drasti-
cally. If the spacecraft is lit by the Sun the temperature 
can reach for a very short amount of time values of up 
to 100̊С - 150̊C, and when it is in shade it can reach 
nearly -129̊С - -160̊C. For example, on the interna-
tional space station there are two external cooling 
contours, in which ammonia is circulating, which is 
passing through a couple of large radiators cooling all 
the equipment and people who are conducting exper-
iments in a microgravity environment [3]. Using the 
law of Stefan-Boltzmann it can be calculated what can 
be the theoretical heat dissipation from a radiator 
made from oxidized iron, with area of 10 𝑚 :   

(1)  𝑞 𝜀𝜎 𝑇 𝑇 𝐴  𝑇  - absolute temperature of the hot body (373K) 𝑇  – absolute temperature of the environment (109K) А  - area of the hot body (10m ) 

𝜎 – Stefan-Boltzmann constant =5,6703 . 10 𝑊/𝑚 𝐾  𝜀 – emission coefficient (for an absolute black body = 1, 
for the example 0.64) 

It turns out that such a system can dissipate 6,8kW. 
This example applies if the spacecraft is in near Earth 
orbit. To operate such a system electrical energy is 
necessary. 

III. Systems for generating electrical power 
There are three methods of generating electrical 

energy in use: solar panels, radio-isotope thermal gen-
erators and nuclear reactors.  

Solar panels are used for many decades. The way 
they work is to generate a photoelectric voltage on a 
PN junction if they are illuminated, which is caused 
by the photo galvanic effect (internal photo effect). 
Photo elements are actually photo diodes with a larger 
PN junction. They are generating constant voltage in 
constant light conditions. The spectra of the Sun is 
composed of ultraviolet, visible and infrared light. The 
Sun’s spectra is in the region (0.22 - 3) µm with max-
imum at 0.55µm and intensity (10-90) % from its 
maximum within the range (0.4-1.7) µm. On each 
square centimeter (𝑐𝑚 ) on the equator the flux of the 
emitted optical power is 100𝑚𝑊/𝑐𝑚  when the Sun 
is on its zenith. In helioenergetics there are specific 
designations for the Sun’s influence: AM0 – Sun’s 
influence in space; AM1 – on surface of the Earth, 
when the Sun is in its zenith; AM2 –on the surface of 
the Earth when the Sun is at an 30̊ angle from the 
horizon; AM1,5 – on the surface of the Earth when the 
Sun is at 45̊. For AM1 is accepted to be characterized 
with flux power of  0,1 𝑊/𝑐𝑚  around the equator, 
compared to AM2 – 0,075 0,080  𝑊/𝑐𝑚  (for 
our geographical latitude). In order to power the 
spacecraft, the solar panels need to be large, because 
they have low efficiency (Si 20%  𝑎𝑛𝑑 𝐺𝑎𝐴𝑠 22%) [5]. On Fig.1 is shown new more efficient type 
of Solar cell that is going to be used with the new 
generation of Neosat telecom satellites.  

 
 Fig. 1. Solar cell with 30% efficiency  

(Developed for the European Space Agency) [4]. 
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Solar panels on the International Space Station for 
example have near 408𝑚  and they can generate up to 
120kW [6]. On January 2004 NASA sent on Mars the 
rover “Opportunity” (Fig. 2). More than 5000 days 
have passed since the rover analyzed the Mars surface 
to prove the existence of water in its ancient past. 
During the night “Opportunity” experience tempera-
tures reaching -105ºС. But no matter what the outer 
space conditions are, the rover must keep its batteries 
always above -20ºС during the discharging phase and 
at 0̊С during the charging phase.  
 

 
Fig. 2. Image of Opportunity exposing its solar panels [7]. 

In order for its electronics to be in working condi-
tion “Opportunity” has 8 small 𝑃𝑢  tablets that are 
placed inside platinum-rhodium metal casings, and 
also possesses electrical heaters. If there is not enough 
electricity for keeping the working temperature of the 
batteries in order the rover will stop to function. Dur-
ing the Marsan day the solar panels can generate up to 
140W, where 100W are needed for its normal opera-
tion. The scientists expected that there will be dust 
piling on top of the solar panels because of the dust 
storms there. Fortunately, the small vortexes created 
by the wind called “dust devils” had an opposite effect 
and acted as a cleaning mechanism. Otherwise “Op-
portunity” would have been lost long time ago. Many 
of the space probes sent through our solar system are 
using solar panels, with which they are powering all 
of the electronics, heaters and measuring equipment. 
But even if near the Earth orbit the solar energy is 
around 1300𝑊/𝑚 , around Jupiter the light intensity 
drops 25 times and it is around 52 𝑊/𝑚 . This is due 
to the fact that the intensity of the light decreases with 
the square of the distance. That is why the probe 
“Juno” had three 9m solar panels which are composed 
of 18698 solar cells (Fig.3).  

 
Fig.3. “Juno” spacecraft with its solar panels [8]. 

If the probe was near our planet it would generate 
around 14kW, but on Jupiter it was able to generate 
around 500W. “Juno” was the first probe, which was 
using such system for power generation so far away 
from the Earth. All the others were using radio-isotops 
or thermo-electrical generators. “Voyager 1” had three 
such generators (Fig. 4), which worked on the 
principal of the thermoelectrical effect. Its source of 
heat were tablets of 𝑃𝑢 (with a half-life of 87.7 
years), and the cold side is the outer space.  

 
Fig.4. The thermoelectric generator of Voyager 1 [9]. 
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In the beginning of the mission “Voyager 1” was 
able to generate around 470W of electrical power. 
These generators are working more than 40 years 
now. It is considered that in near future its generators 
will not be able to release enough energy and the 
probe will turn off its transmitters. That type of power 
generation can be used for deep space exploration 
missions, but it has its disadvantages. First of all, such 
system that are using sources of ionizing radiation for 
heat or electricity generation operate with radioactive 
material which are extremely toxic and dangerous. 
One of the reasons of the “Cassini” was burned up in 
the Saturn’s atmosphere was to avoid the scattering of 
dangerous nuclear material on the surface of Titan 
(one of the Saturn’s moons) so there will be no 
damage to the ecosystem and the eventual life forms 
there. Another drawback is that the radioactive decay 
can affect the measuring equipment or the electronics 
onboard of the space vehicle.  

Another way for the space vehicle to generate 
electrical power is using nuclear reactors. They are 
using highly enriched 𝑈  (above 90%). The 
radioactive fuel is placed inside of a core, which is 
cooled by liquid metal, that is comprised with highly 
temperature resistant moderator mixed with hydrogen. 
Generation of the electricity is done by thermionic 
converter. This method of powering can reach high 
power outputs as evident by the fact that several 
Russian satellites were able to produce up to 5kW of 
electrical power. 

IV. Ionizing radiation in outer space 
Another big obstacle for a spacecraft is cosmic 

radiation. It can be generated either from the Sun or 
from other very distant stars. Depending on the type 
of mission it is important to choose the necessary 
electronic components which must be resistant to the 
environment in which they will be used.  

In 1958 “Explorer 1” was launched on the board of 
Jupiter C rocket, which was designed by Werner von 
Braun (Fig. 5). The main instruments on the board of 
the probe were intended for measuring ionizing 
radiation around the Earth. It turned out, that around 
the Earth there are two radiation rings (Van Allen 
radiation belts – named after the scientist that 
discovered them), which are mainly constructed from 
captured charged particles (protons and neutrons), 
generated from the Sun (Fig. 6). The size and the 
activity of the belts is affected significantly from the 
solar activity as well from the cosmic radiation [10]. If 
a satellite passes through this region of space it could 
be damaged from the intensity of the radiation field.  

 

Fig.5. Measured radiation around the Earth  

with Explorer 1 by James Van Allen. 

 

Fig.6. Different section from the radiation belts  

measured by “Pioneer III”. 

The inner belt starts from around 800km to 
10000km. It is constructed mainly from protons and 
neutrons and a small portion consists of electrons with 
energies starting from a couple of keV and exceeding 
100MeV. It is believed that the protons residing there 
can exceed 50 MeV energy levels near Earth orbit, 
because of a beta decay of neutrons generated from 
cosmic radiation. It is believed the source of low en-
ergy protons is due to changes in the flux of the mag-
netic field of the Earth. Because of the proximity of 
the inner belt to the geomagnetic center of the Earth 
there is an anomaly called “South Atlantic anomaly”.  
This is a region in which significantly more particle 
events can be observed (from around 200km from the 
surface). The outer belt starts from 13500km to 
58000km above sea level. It is influenced significantly 
more by the solar activity. It is comprised mainly from 
electrons captured from the Earth’s magnetic field. 
Electrons located in the outer belt are constantly 
blown away by the solar wind. The electron flux can 
decrease drastically near the outer layers - around 
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1000 times for a 100 km, forming the so called geo-
magnetic “tail”. During 2014 it was discovered that 
inner end of the outer belt was like a shield for elec-
trons with energies greater than 5 MeV, which is not 
yet well understood why. Between the two belts there 
is a zone free of ionizing radiation – the so called 
”safe zone” [11], [12], [13]. The radiation levels there 
are not so extreme. In the journal “Scientific Ameri-
can” published March 1959 on page 47 Dr. James Van 
Allen writes: “Our measurements show that the max-
imum radiation level as of 1958 is equivalent to be-
tween 10 and 100 roentgens per hour, depending on 
the still undetermined proportion of protons to elec-
trons. Since a human being exposed for two days to 
even 10 roentgens would have only an even chance of 
survival the radiation belts obviously present an ob-
stacle to space flight.” [14] 

In order to better understand the workings of the 
radiation belts in 2012 Van Allen probes were 
launched. They gave more detailed information of 
how the particles accelerate and transport ions inside 
of the belts. These charged particles are the engine for 
the northern lights (Aurora borealis). When the 
charged particles reach the upper regions of Earth’s 
atmosphere, they start colliding with the atoms there 
and give away their energy which leads to light emis-
sions. Interplanetary space is also filled with radiation 
hazards and solar eruptions are one of the biggest 
threats there. They are sudden increase in the Sun’s 
brightness where more powerful ones are accompa-
nied with coronal mass ejection. This actually is an 
ejection of electrons, protons and heavy ions acceler-
ated near light speeds. When they interact with the 
outer hull of the spacecraft secondary emissions is 
created with energies in the x-ray region, which addi-
tionally increase the radiation background inside of it 
[15], [16]. In order to guarantee the successful opera-
tion of the spacecraft it is necessary to choose the 
correct electronic elements. Requirements imposed on 
the electronic components in space missions are ex-
tremely high. They need to withstand large thermal 
stresses and be resilient to ionizing radiation. Long 
term exploitation is one of the most important princi-
pals when such systems are developed. This type of 
electronic components is hard to produce, because the 
technology that they are based on is very different 
compared to that used for the mass user market. One 
such project that incorporates all of the requirements 
mentioned above is Radiation Hardened Electronics 
for Space Environments (RHESE) that is used in the 
NASA’s program “Constelation”. This project in-
cludes development of new materials, new designs of 
integrated circuits, and also researches for new tech-

niques for a re-configurable hardware. Initial focus of 
the program is to develop improved FPGA (Field 
Programmable Gate Arrays) and FPAA (Field Pro-
grammable Analog Arrays) by using reconfigurable 
architectures. The main goal here is to make these 
electronic devices withstand temperatures from -
180ºC up to +125ºC while simultaneously accumulat-
ing doses around 3kSv for a period of 1000 working 
hours [17]. The main problem of today’s technology is 
that microprocessors are made by photolithographic 
methods with dimensions around a couple of nanome-
ters. This means that if there is a high energy, high 
velocity particle (produced from the Sun or a distant 
Supernovae explosion) collision with the core of the 
microprocessor a lot of free electrons will be created. 
This will result an error and may cause a damage to 
the current calculation or even worst – it can destroy 
part of the microprocessor. That is why scientists want 
to use architectures that are capable of reconfiguring 
the internal structure if a failure occurs inside of the 
silicon structure. 

V. Micrometeorites and cosmic dust 
Another great threat for people and space probes 

and crafts in outer space are micrometeorites and the 
space dust. They present serious challenge for long 
term research missions. Mainly they are generated by 
left over material from comets and also from colli-
sions with meteorites. The particles can vary from 
50µm to 2mm. Interplanetary space is filled with such 
particles and in small number they are not so danger-
ous, but when “Mariner 4” collided with a cloud of 
them, they almost pushed the craft away from its orbit. 
Luckily none of its systems were damaged. Microme-
teorites can travel with extremely high speeds (around 
10km/s) and they can do serious damage not only to 
the craft but also to the crew. Fig.7 show how the hull 
of the NASA’s satellite “Solar Maximum” looks like 
after a collision.  

 

Fig.7. Damage on the hull of the satellite “Solar Maximum”. 
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Until now the only way of protecting the space 
craft is to place additional material on top of the outer 
shell of the craft which must be light and tough 
enough (ceramics, cellar, etc.). But the most difficult 
task is to build a protection against medium size 
micrometeorites (1cm to 10cm), which are hard to 
track and can lead to catastrophic failures to a space-
craft. Currently scientists are working on materials 
which are “self-healing” [18], [19]. 

VI. Summary 
In the near future human expeditions are planned 

for the planet, which from hundreds of years has cap-
tivated astronomers with its mystery – Mars. Before 
that can be achieved many experiments need to be 
conducted so the best landing spot can be defined 
where the basecamp can be established for the future 
astronauts. In our modern history most of the new 
discoveries in space first are made by unmanned vehi-
cles. Using all the knowledge and experience we pos-
es from 1950’s till now we need first to understand 
what will be the most likely conditions that the craft 
will be put through. So the answers to the following 
questions need to be clear. How much time it will pass 
till its final destination and how far it will be from the 
Sun? (This will determine what type of power source 
will be used). What will be the worst space conditions 
that the craft need to endure (extreme temperatures, 
ionizing radiation effects, etc.)? (Depending on the 
answers the design of the electronic equipment and 
internal structure will be established). What will be 
the path of its travel? (This will specify what shields 
will be used for protecting the craft and all of its in-
strumentation from space dust and micrometeorites). 
Understanding how we can protect them and what are 
the environmental hazards is the key for their long life 
of exploration giving us more information about the 
vast mysterious universe.  
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