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The technology of Unmanned Aerial Vehicles (UAVs) has tremendous potential to support various successful space mission
solutions. In general, different techniques for observing space objects are available, such as telescopes, probes, and flying
spacecraft, orbiters, landers, and rovers. However, a detailed analysis has been carried out due to the benefits of UAVs
relative to other planetary exploration techniques. A prototype UAV has been successfully simulated to fly on Mars’ surface.

UAVs Mars space exploration

| 1. Introduction

Space exploration is the largest and most influential example of many kinds of convergence. It brings many technological
areas together: propulsion, life sciences, materials, guidance, and in order to maintain the endeavour, space exploration is an
example of several kinds of integration, power, communication, and a host of others ,

Progress in recent technologies has enabled UAVs to be considered valuable platforms for planetary exploration 2. UAVs
have had extremely high progress to be applied for space missions Bl However, the applied methods for planetary
exploration have limited mobility and low resolution and provide limited information about the planet. We have been motivated
to use UAVs for space exploration to resolve these issues. In other words, we can say that UAVs can overcome the planetary
measurement gap. Exploiting space through UAVs will have many benefits. UAVs can provide real-time services at the edge
of the network 4. UAVs can map a large area of the planetary body and gather data from smart environments . Moreover,
they have better resolution compared to the satellites and orbiters used till now. Since UAVs are remote-controlled spacecraft,
they can have sufficient station time (€],

| 2. Mars Exploration through Different Methods/Vehicles

The use of UAVs for planetary exploration may have many advantages, particularly that a UAV can map a wider area than a
rover at a resolution far more significant than that provided by current satellites or orbiters [Z. The overall details of the Venus,
Mars, Titan, and Earths’ moon’s atmospheric conditions, characteristics, and configurations of the UAV flights are described

below.

2.1. Mars UAVs

Mars, relative to Earth, has a low density; the concept of UAVs that can fly on this planet has gained a lot of interest due to the
importance of Mars science [,

Several studies by NASA, universities, and industry were carried out from the 1980s to the 1990s to identify new Mars
atmosphere missions and design various types of Mars UAVs [, Article [ patterned the construction of Mars aircraft,
designated as the Argo VII. The Argo VII's aerodynamic, stability, and control parameters were calculated using analytical and
control parameters similar to that of ARES-2. Progress in technical areas, such as propulsion technology, composites, and
energy storage systems, has led to more complex Mars UAVs. In article 19, as an affordable means of launching small
planetary exploration payloads, the NASA Jet Propulsion Laboratory developed the Micro-Mission concept in 1999. The ASAP
of the Ariane 5 launch vehicle was used to launch a spacecraft weighing 200 kg into a geosynchronous transfer orbit.
Numerous universities have performed a study on Mars aerial vehicles since 2000, such as the University of Colorado at
Boulder and Wichita State University. The MAP project was the subject of researchers from the University of Colorado at
Boulder 41, In article 111, as the design project priority, the MARV team chose to deploy the wings of the MAP. The project for
MARV was split into four stages: initial design, deployment system, machining and fabrication of components, and step of
integration and checking. The final aim of the project was to plan for the MAP with the wing packaging and wing launch. The
outcome was a fully deployable wing with the associated actuator, microprocessor, and supporting applications. The
secondary purpose of the deployable wing was to perform wind tunnel testing of the durability of its pitch. For the MAP, a full
software architecture design was also built along with all the related electrical components required to incorporate the
aerospace. In 12 the research explains the design and development of different autopilot device architectures for unmanned
aerial mini/micro rotary-wing vehicles via the model-based design approach.

2.2. Designing Mars UAV
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The Mars UAV is based on a vehicle system; however, it has been adapted to match the thrust requirements of Mars’ thin
atmosphere. The Mars UAV system was created to create a model that could resist Mars conditions, such as dust storms and
temperature shifts during night and day. When the UAV is expected to fly out of sight of the operator or to perform complex
manoeuvres for which the control response from manual operation is insufficient, autonomy is required. The benefits of Mars
UAV systems over helicopter vehicles motivated the development of the Mars UAV. When performing manoeuvres, the
helicopter requires a complicated system to regulate the pitch of the rotors. On the other hand, UAVs can change their
orientation simply by changing the rotor speeds. All three movements, roll, pitch, and yaw, may be accomplished simply by
delivering appropriate signals to the motors to alter rotor speeds without any mechanisms or mechanical control. The negative
of the Mars UAV system is that huge rotors require a significant amount of actuation effort to accelerate up or slow down,
resulting in a delayed reaction time. The variable pitch is employed for very large rotors because motors cannot rapidly
accelerate up or down.

The idea of flying UAVs on Mars is to show that with significant rotor blade design optimisation, enough lift can be created to
fly a lightweight UAV in the thin atmosphere. The design also emphasises making the flight and operation autonomous and
mapping the surrounding terrain and path planning to help the ground-based rover go beyond its existing capabilities. The
Mars UAV will be used in high tip Mach numbers and low Reynolds numbers. To minimise the development of unwanted
shock waves, it is critical to maintain subsonic speed at the rotor’s tip in a generic rotor design.

If not anticipated beforehand, the produced shock waves significantly impact the rover’s lift-generating capabilities. Because
the air density on Mars is so low, rotating the rotor is greater while keeping the tip speeds subsonic is advantageous. The
vehicle’s hovering will be controlled in the same way any UAV flying under Earth settings. The suggested controller,
specifically developed to manage the co-axial rotors, will handle the roll, pitch, and yaw movement instructions. The lower
gravity value will assist the vehicle in remaining stable while flying and prevent tiny instabilities produced by unstable
phugoids 23, The suggested rotor blade size is 1.12 m, and when placed co-axially, two rotors spin in opposing directions.

The entire mass of the UAV is estimated to be roughly 6 kg 241 In the CAD modelling section of this project, parts of the
onboard payload and system requirements will be explored. A radioisotope thermoelectric generator is now used to power
Mars rovers. However, radioisotope thermoelectric generators have poor efficiency, and it is not suited for UAVs due to the
hefty subsystem necessary to regulate the heat created. The Mars UAV is meant to run entirely on solar power. The Mars
UAV’s longer arms help mount roll-out solar arrays. These solar panels may be extended for charging and retracted for flight.
Flight data from the Ingenuity helicopter project will assist in determining whether or not a powered fight is conceivable in
Mars’ atmosphere and how to pursue this notion in terms of boosting payload mass while lowering system mass 2. For more
details, the design of UAV for Mars exploration is discussed in detail in [14IL8117],

2.3. Previous Major Devastating Failed Missions in Space Exploration

Various approaches used earlier for planetary exploration have many limitations. Landers are limited to the landing site’s
surrounding area and can only explore appropriate terrain. For example, the range reported by the JPL for the MER is a total
distance of 1 Km, whereas a Mars UAV can potentially explore 500 Km 28] Since landers may have minimal (or no) freedom
to walk around freely, they have only had a single, one-time body experience. In sterile conditions, certain landers, such as
Huygens on Titan or Mars landers, must be designed to prevent Earth contamination (9. Rovers have some benefits over
stationary landers, as they examine more territory and lead to exciting features. However, the greater likelihood of loss, owing
to landing and other threats, is the downside of rovers relative to orbiters and that they are limited to a restricted area around
a landing site that is only roughly expected. Moreover, owing to the contact time delay between Earth and other planetary
bodies, travelling safely from rock to rock or position to location is a big challenge. The rover drivers on the spatial body
cannot immediately see what is happening to a rover at any given moment, unlike a remote-controlled vehicle, and they could
not send fast instructions to prevent the rover from crashing into a rock or falling down a cliff 29, From the Yutu (from 2013—
2016) and the Opportunity (2004—2018), the rovers have just been able to drive up-to-the-distance of 0.1 and 45.16 km,
respectively (21, Table 1 discusses some of the major previously failed missions for planetary exploration.

Table 1. Discussion table on previously failed missions.

S H Human -
Reference Mission LanderOrbiterRover Crew Cause of Failure
21 MCO X v X X Cost constraint.
122) . P v p % 500 m short of the lunar surface, Vikram Lander
Chancia/aan lost control and crashed with the Pragyan rover.
[23](24) e anace X v X v Damage in the left-wing.

Shuttle
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Reference Mission LanderOrbiterRover Hg::evn Cause of Failure
Viking project v v X X Software updates error.
[26][27] DART project . P . - Wrong estimation of distance through the
computer.
28, MPL 7 x X X Faulty transmitter.
28 NOAH 19 X v X X Mechanical malfunctioning.

. S . . - B} ery aspect
of a UAV's flight. In less dense air, standard measurements, such as take-off distances, rate of climb, landing distance, would
Arbbncfeas®s; thus reducing the performance. Atmospheric density, in general, is defined as the mass per unit volume of a

planet’s atmosphere.
Compared to landers and rovers, an orbiter can gather a lot more data, which helps get more accurate information about the

lemambqugfagm@hing. Orbiters are capable of spatial mapping over wide regions, but the resolution of the orbiter is
limited to a few meters. Furthermore, the danger from meteoroids and atmospheric debris to the space shuttle orbiter can be

HIERMRFSAH TRIAYRE KilhBAt Infe petauinyr afdheliosh & aManE e ke it oy A YeViierandz ity adRc Ak
RO A TR TR ARRRINS AN B R ISR B3 UFPi A A IRaH ey A RN GE AP PR S5 R R TSI PG IARY AR Bolmklad
B, e D LaGhiaRtRrdQ a8 ALS SRRMARAH qn Skssafl Sl RITRE R MG AT SdSAHALKIRPIO BB Mblex, too

exgensive, and it seemed to be unnecessary 23]
3.1.5. Speed of Sound

Eurthgrn}ore, sgndigg astrona%s c()p ? sga e miﬁsi&)ncauses severe health issues. As _discussed earlier, these health issues
peed of sound is defined as the distanCe travelled via sound waves in a unit of time: This parameéter plays a significant role

caH have bo{ sﬂ%t/—term nd Ing\c%ter ffects. An examgle of human life at risk is, at NASA, a total of 17 astronauts lost
esigning the prototype. € of the major uses are:

lives in the Space Shuttles Challenger and Columbia tragedies and the Apollo launch pad fire in 1967 24 Furthermore,
sengingImeshRiaim b RigRRHEHRACY il tRAUGEHRE: SRtNVIRIRGS M ROWaRIGeOrbiters, rovers, and human crew are
limited, UAVs may be used to accomplish many mission objectives. Exploring the spatial body through UAVs will clearly give
mofessistioin Govevertver dbmpressisienitivagepartuf thedredihatnshthbe, meagdestiugsrigfeimpitenieiniiressislo fibvsdwould
balance the analysis, risk of execution, and expense in the field of space exploration. Unlike orbiters, UAVs are nearer to the

cel&ffiaias djrtawehaacheectorsinren irmaieab g peeashyyiragvestistre accurate.

2_49_rg|ﬁémlpwt1lyﬁje§e§igqupgqrhtg\gaééve this boundary higher. For example, the speed of sound at Mars’ surface
is 240 m/s?, and B2 this is comparatively lower than the Earth’s (343 m/sz).
It is necessary to justify how UAVs fulfil the primary mission specifications for specified missions to target solar bodies. For

BZr5ensorseBlogkenge for traditional UAV geometry to travel on other solar bodies. In addition, the size and weight of
the UAVs are usually constrained because of the packaging restrictions imposed on the intended solar bodies by the launch

§eﬂr&e'm.r QELMSFESWEJFL%?E&H&%MQ performance, regulation, and structural analyses are carried out in the design
RIRSTRR' %S RS e RESTOAMANSE A P LRI S R PRI RO 255 A8 R D SAM RSN S 2Rl AR P AR

TR PRI IR S B AR YRR Teft5L8n TR o 1BRRIAY 11BGS A0S e e Rl d shows
the type of UAVs for planetary investigation.

> Accelerometer: To capture speed and acceleration.
> Gyroscope: A gyroscope is a device that measures spin and spindle speed.
> Magnetometer: Cardinal direction is determined via a magnetometer.

3.2.2. Camera

A camera is for estimating optical flow. Optical flow is an image processing technique. The camera will take images at 60
frames per second (FPS) through the optical flow technique. This method will aid the sensor in determining how objects move
from one picture to another. The UAV can calculate apparent horizontal motion or velocity using the camera sensor. An
immersive stereoscopic teleoperation system navigation for UAV improves autonomous navigation and provides better
capabilities for collecting video footage for training future autonomous and semiautonomous control policies is used here.

3.2.3. Ultrasound Sensor

An ultrasound sensor is used to determine altitude. First, the lateral distances are measured using an ultrasonic sensor. Then,
it sends a high sound pulse and counts how long it takes for the sound to rebound off the ground and back to the sensor. The
altitude between both the floor and the UAV can be calculated using these measurements. Unfortunately, after about 30 feet

of altitude, the reflected sound is far too low for the sensor to detect.

3.2.4. Pressure Sensor

The pressure sensor is used to sense pressure, which will further work in calculating altitude. As the UAV flies higher in
altitude, the pressure of the air falls slightly. The pressure sensor uses this trivial change in pressure to guesstimate how the
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elevation of the UAV changes.

atmosphere and provide a fundamental scientific understandipg of the planet's atmosphere, surface, and interior. Therefore,
there will be many opportunities to use UAVs for space ex

> Ample economic S\ mass and life span
considerations. \ of usable power is
reduced as the plenty of economic
power.

> Scientific investigatio. . —Cientific :"“"“-.-._-:- anet’s geology or Eve S g missions for possible

human outposts, a UAV might open up the opportunity 'ng large regions of Mars.

> Systematic mapping: UAVs fly independently or via semot trQl/piloting. Autonomous flights are pre-programmed with
yndscapes.
FLAPPING |
WIiNG ’;
arj

computers each time and are suitable for the systgm

> Affordable Space Access: Loading a single pd Earth orbit costs around 10,000 USD today. The

construction and manufacture of the launch ~'\\ of this expense. Nearly 40% of the overall cost is

attributed to processing from the ground and launs AVs for interplanetary missions will allow access to

space economically.

. Figure 1. T?/pe of UAVs for planetary investigation. . . . )
While these UAVs are useful for space exploration, there are still” risks associated with the implementation, flying

R R A R R S B R R e e AR R IR T R o SR
{ERRABy Pt FIRRSYnANE A ORGiIRRS BhHlRdORRIS BOSRRR GRS ForeRISRERINE ARPHaN Sl SIRARILY
NS Ml i Re Y P RS HELR AR RIRD R A HRIRBRING L I8 Y SRR R H ARG P Sh S SRl ¥ 3NE
AR5y L SABIPRERIS B ARSI UL RTINS M "HOB: NEITR SROGEH I LRSI SERAVEAHORE R Srsigps e
RYRISRIIN O HRAS SRR SIB0MSE P 1RGP UPRUEN B IRRNEING O IR HMERNTRNa Bt BN RF R WP I B AP
YAl MALR, FHY 2t el 15 XS B IR, LN AL IR BARSSHR sl AR SrBRE RS eS 1argely restricted by the
energy available. Mars’ surface went undercover a few years ago; Mars’ dust storms are common, but for unexplained

CAUSESIsAcBLABHCANTMESKRIRAME 2Rl RMatRg b SofasstR! MatRiRER EY dREA0RIAYG SArdPRNENRTIMBISH SEAOPBRGHA
DekralalDa s ISHIMGSCHUPORS 3siaAAliRIIGIen Ibrast: SR IMAES sBitHY dedd At DR idas Rse aB, Hikarcan ¢y
RIgREpSiRG LU ITRYraghREs e sherfipagimrskaging Eﬁ%@%%H@%&WYA%@e%QEFtW@%M%
BPRAHSRIAN ANt IMRELS Hatreating o selraRNRRI#Al tentgstdfioRaeilistrrasyne . Hfirent oFRRIdsIan isYsiRmIBIad
frigiidisppridast SRR iy WAY MiEHeRRAgYUIVS tHE deditianal deehaitesalhaleripyidal the & RYe i ARG ARVRICINE
iR Hossiemeshouibagrig sideradvindbediides THAreolRECAeRe ar VRBFISFstenra PRk VBR, g HiRanbasrtken
psdies. Kpeswtion, and erediesfesdightansiuraiteles is being researched to support missions to Mars’ surface, Titan, and
Venus. The NASA Ames Research Centre studied different rotary-wing aero-mechanics and proof of concept problems
underlying the production of vertical lift aerial vehicles for planetary science missions 23, In addition, the performance of rover
ﬁ&f&?&ﬂ&a&gements by creating a required condition of atmosphere on Mars’ surface, co-axial helicopter through radio
control to promote studying Mars’ surface, VTOL aircraft for studying titan surface 241,

1. Launius, R.D. Frontiers of Space Exploration; Greenwood Publishing Group: Westport, CT, USA, 2004.
A glider is an aircraft of a unique nature and has no engine. In-flight, in contrast to the four forces operating on a powered

G Rl M R lel A Gl o PRNG We SR T vesidd 'l OISR RIONR porsrs ircratt

Prog. Aerosp. Sci. 2017, 91, 99-131. ) ) .
has a tﬁrust—pro uusng motor, aﬁt:lﬁough there is no thrust in the glider 24, In the 1960s to 1970s, NASA thought of using

GhdBiearcoacdn; Borgade; eploraidbhae, bargliddfidiernianagensanlty arsddsasy FrandeverRogSafiwer ®Redfinedng
used/iigessdietavoiksititsingridAyés! & E-Mefve. RO a8dyrd®-Ban a parachute, the lightweight wing could be guided.
ARSI 2 20 BRIk e it e S R P2 resEiedraving aide o baabls nsion iAoy
FlrerOrPtSJ%ﬂrl]lg hcc{'iJgHthebggérﬁﬁcr}ﬂ.t e;o\lg]eégaﬂﬁzie’c&aét?lnal wing. After deciding that there was nowhere to market his
proposal for public use, he presented it to the space industry. It may not be used for space landings, but it has become part of

& cOMmRIKIsfoh KRQUEERR, Bofth; AlRaMKIwRerb tRaikidht AlAHEROSSBAERIMLIREIRAVIABIRENS! SR8 BYdhe
moSRBBPQHNSIRYEGMA PRses ienhiang gidlrdAids. Sustainability 2021, 13, 5908.

6. Gupta, A.; Sundhan, S.; Gupta, S.K.; Alsamhi, S.H.; Rashid, M. Collaboration of UAV and HetNet for better

8. Yol ARG N5 0B R B SyEl 50360 g0 gapor challenge, largely becatie o
environmental constraints. The generated lift force of a wing is proportional to the atmospheric density, velocity, and wing
dre& ARG o Grel@ayy, PelMis ANBIRNEsRCEIRINYCANE RiBiRRPWMGS actiPps wBIEasy-aRedit Wi gReRbnd
hig Ry $i6MBuELRISSh A RIEfiaPuUrbhs: ethey aRdso Y BhsBR A%LuRY4the omithopter or flapping wing’ incorporates
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3.1. Environmental Conditions

3.1.1. Air Pressure

The air pressure value at the surface of Mars is approximately 610 Pascal 27l This means the air pressure on Mars is less
than 1% of that on Earth. As a result, the air on Mars is significantly leaner than it is on Earth. As a result, the critical source of
concern when developing a prototype UAV is whether there would be enough lift. The UAV is possibly heavier than air. For a
UAV to fly successfully in a planets’ atmosphere, four forces are obligatory: lift, drag, weight, and thrust. Figure 4 shows the
aerodynamics of the UAV. A coordinated system is used in the UAV flight. The coordinate system allows keeping track of an
aircraft or Spacecraft's position and orientation in space. Here, three coordinate systems are used in the UAV’s flight
mechanism. These coordinate systems are:

Xb

Zb

va
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Figure 4. Aerodynamics of the UAV.
> Inertial System: Inertial system is attached to the planetary surface, does not move.
> Fixed Body Frame: This frame is attached to the airframe and moves with the UAV.

> Aerodynamic frame: The average velocity of the aircraft’s centre of mass defines this frame. The UAV is also equipped with

a dynamic frame.

The three axes on the UAV prototype are Xb, Yb, and Zb. These represent the forward, right, and positive downward axis,
respectively. The engine of a flying vehicle generally provides thrust. Thrust must surpass the vehicles’ drag for a successful
flight. The wings provide the lift of the vehicle. UAV’s lift should equal its weight for the flight to flourish. The UAV’s smooth
shape will probably reduce drag, and the materials it is made up of will affect its weight.

3.1.2. Gravity

It is evident that for designing a prototype UAV, decreased weight and an increased lift are the two major goals to be
achieved. Based on Newton's theory of universal gravitation, when talking about a spherical body, such as a planet, the
gravitational force is directly proportional to the planet's mass and inversely proportional to the square of the radius of the
planetary body. Equations (1) and (2) are based on Newton’s theory of universal gravitation and shows the formula for the
gravitational force of Mars 22, Table 3 shows the notation and parametric values of Equation (1) 42,

g =Gm/r?

g=3.711 m/s2

where:

« g is the gravity of the Mars

« G is the gravitational constant

« mis the mass of the planet Mars

e ris the radius of the Mars.
Table 3. Notation and parametric values.

Parameters Values
Gravitational Constant 6.674 x 107 m3 kg™t s72
Mass of Mars 6.42 x 102 kg

Radius of Mars 3.38 x 108
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