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MQ-9 Reaper $1.2 billion
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RQ-4 Global Hawk $305 million
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MQ-4C Triton

$944.1 million
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MQ-8C Fire Scout

$119.5 million
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MQ-1C Gray Eagle

$148.4 million

Unmanned Undersea
Vehicles

$351.7 million

Unmanned Ground
Vehicles

$74.2 million
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4- Gettinger Dan, Drone
spending in the Fiscal year 2017
defense budget, 29 February
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Dialing Up the Drones
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3. Low speed

4. Active

5. Passive

6. transition delay

7. skin friction reduction

8. leading edge slats
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10. Vortex generator

11. vortices

12. Free stream

13. Retrofit

14. Gurney flaps

15. Control Surfaces
16. Immediat wake region
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The rover requires power to
operate. Without power, it
cannot move, use its science
instruments, or communicate
with Earth. The Mars Science
Laboratory rover carries a ra-
dioisotope power system that
generates electricity from the
heat of plutoniumys radioac-
tive decay. This power source
gives the mission an operating
lifespan on Mars) surface of at
least a full Martian year (687
Earth days) or more while also
providing significantly great-
er mobility and operational
flexibility, enhanced science
payload capability, and explo-
ration of a much larger range
of latitudes and altitudes than
was possible on previous mis-
sions to Mars.

Curiosity has three antennas
that serve as both its «voice»
and its «ears.» They are lo-
cated on the rover equipment
deck (its «back»). Having
multiple antennas provides
back-up options just in case
they needed.

communication

Most often, Curiosity will
likely send radio waves
through its ultra-high fre-
quency (UHF) antenna (about
400 Megahertz) to communi-
cate with Earth through NA-
SA»s Mars Odyssey and Mars
Reconnaissance Orbiters. Be-
cause the rovens and orbiters)

antennas are close-range, they
act a little like walky-talkies
compared to the long range
of the low-gain and high-gain
antennas. Using orbiters to
relay messages i1s beneficial
because they are closer to the
rover than the Deep Space
Network (DSN) antennas on
Earth and they have Earth in
their field of view for much
longer time periods than the
rover does on the ground.
That allows them to send
more data back to Earth at
faster rates. Mars Reconnais-
sance Orbiter will likely relay
most of the data between the
rover and Earth.

Curiosity will likely use its
high-gain antenna to receive
commands for the mission
team back on Earth. The
high-gain antenna can send
a «beam» of information in
a specific direction, and it is
steerable, so the antenna can
move to point itself directly
to any antenna on Earth. The
benefit of having a steerable
antenna is that the entire rov-
er doesmt necessarily have
to change positions to talk to
Earth. Like turning your neck
to talk to someone beside you
rather than turning your entire
body, the rover can save ener-
gy by moving only the anten-
na.

Curiosity will likely use its
low-gain antenna primarily

or recerving signals. This an-
tenna can send and receive in-
formation in every direction;
that is, it is «omni-direction-
al.» The antenna transmits ra-
dio waves at a low rate to the
Deep Space Network anten-
nas on Earth.

This map shows the route
driven by NASA»>s Mars rov-
er Curiosity through the 1187
Martian day, or sol, of the rov-
ens mission on Mars (Decem-
ber, 09, 2015).
Conclusion, Location of
rover, and its future
Curiosity Rover»s Location
for Sol 1187

Numbering of the dots along
the line indicate the sol num-
ber of each drive. North is up.
From Sol 1185 to Sol 1187,
Curiosity had driven a straight
line distance of about 92.61
feet (28.23 meters).

The base image from the map
is from the High Resolution
Imaging Science Experiment
Camera (HiRISE) in NASA>s
Mars Reconnaissance Orbiter.
You can follow Curiosity’s
journey with the latest tra-

verse info and daily weather
data. Get updates as the rover
nears Mount Sharp! You can
visit its page in NASA’s Mars
Exploration part and follow
its path.

conclusion

Finally I should say that this
mission helps human being to
prepare itself to travel to other
planets or at least detect some
signs about probability of life
existence in the whole world.
Maybe one day we have to
leave our planet, maybe we
have to take place in other
planets, maybe one day we
find some other alive beings
and diagnose that we aren’t
alone in this world, maybe this
mission is first step to detect
many things we didn’t know
about chemistry, biology, or
aerodynamics. Maybe this
mission makes many minds
start thinking about what is
out of our solar system, or out
of galaxy! Who knows that
what would happen soon in
human exploration?
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al stereo images, and color
video footage of the martian
terrain and have a powerful
zoom lens.

Like the cameras on the Mars
Exploration Rovers that land-
ed on the red planet in 2004,
the MastCam design con-
sists of two duplicate camera
systems mounted on a mast
extending upward from the
Mars Science Laboratory rov-
er deck. The cameras func-
tion much like human eyes,
producing three-dimensional
stereo images by combining
two side-by-side images tak-
en from slightly different po-
sitions.

The Laser-Induced Remote
Sensing for Chemistry and
Micro-Imaging will fire a la-
ser and analyze the elemental
composition of vaporized ma-
terials from areas smaller than
1 millimeter on the surface of
Martian rocks and soils. An
on-board spectrograph will
provide unprecedented detail
about minerals and micro-
structures in rocks by measur-
ing the composition of the re-

sulting plasma - an extremely
hot gas made of free-floating
ions and electrons.

The Mars Hand Lens Imag-
er is the equivalent of a ge-
ologist>s hand lens and will
provide close-up views of the
minerals, textures and struc-
tures in martian rocks and the
surface layer of rocky debris
and dust. With this new de-
vice, earthbound geologists
will be able to see martian
features smaller than the di-
ameter of a human hair.

One Descent Imager--MAR-
DI:
Engineers who worked on
the Mars Exploration Rover
mission were able to get an
idea of what the approaching
martian terrain «looked» like
to Spirit and Opportunity via
DIMES (Descent Image Mo-
tion Estimation System). This
system was used to detect the
spacecraft)s movement and
adjust it - using retro rockets
- if necessary. Mars Science
Laboratory features an even
stem.

MARDI (Mars Descent Im-
ager) provided four frame-
per-second video at a high
resolution during Curiosity»s
landing. The images are «true
color,» or as the human eye
would see.

In addition to stunning video,
the data the camera collects
will allow scientists and en-
gineers to: observe geolog-
ical processes at a variety of
scales, sample the horizontal
wind profile, create detailed
geologic, geomorphic and
traverse planning and relief
maps of the landing site.

How the wheels move

The design of the suspension
system for the wheels is based
on heritage from the «rock-
er-bogie» system on the Path-
finder and Mars Exploration
Rover missions. The suspen-
sion system is how the wheels
are connected to and interact
with the rover body.

The term «bogie» comes from
old railroad systems. A bogie
is a train undercarriage with
six wheels that can swivel to

- A— -

curve along a track.

The term «rocker» comes
from the design of the differ-
ential, which keeps the rover
body balanced, enabling it to
«rock» up or down depend-
ing on the various positions
of the multiple wheels. Of
most importance when cre-
ating a suspension system is
how to prevent the rover from
suddenly and dramatical-
ly changing positions while
cruising over rocky terrain.
If one side of the rover were
to travel over a rock, the rov-
er body would go out of bal-
ance without a «differential»
or «rocker,» which helps bal-
ance the angle the rover is in
at any given time. When one
side of the rover goes up, the
differential or rocker in the
rover suspension system au-
tomatically makes the other
side go down to even out the
weight load on the six wheels.
This system causes the rover
body to go through only half
of the range of motion that the
«legs» and wheels could po-
tentially experience without

a «rocker-bogie» suspension
system.

The rover is designed to with-
stand a tilt of 45 degrees in
any direction without over-
turning. However, the rover
is programmed through its
«fault protection limits» in its
hazard avoidance software to
avoid exceeding tilts of 30 de-
grees during its traverses.
The rover rocker-bogie de-
sign allows the rover to go
over obstacles (such as rocks)
or through holes that are
more than a wheel diameter
(50 centimeters or about 20
inches) in size. Each wheel
also has cleats, providing grip
for climbing in soft sand and
scrambling over rocks.

Curiosity>s «arm»

The Robot Arm holds and ma-
neuvers the instruments that
help scientists get up-close
and personal with martian
rocks and soil.

Much like a human arm, the
robotic arm has flexibili-
ty through three joints: the
rover>s shoulder, elbow, and

wrist. The arm enables a too
belt of scientists) instruments
to extend, bend, and angle
precisely against a rock to
work as a human geologist
would: grinding away layers,
taking microscopic images,
and analyzing the elemental
composition of the rocks and
soil.

At the end of the arm is a tur-
ret, shaped like a cross. This
turret, a hand-like structure,
holds various tools that can
spin through a 350-degree
turning range.

Curiosity>s «hand»

At the tip of the arm is the tur-
ret structure on which 5 devic-
es are mounted. Two of these
devices are in-situ or contact
instruments known as the Al-
pha Particle X-ray Spectrom-
eter (APXS) and the Mars
Hand Lens Imager (MAHLI).
The remaining three devices
are associated with sample
acquisition and sample prepa-
ration functions.

The rover»s energy
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ates electricity from the heat
of plutoniumys radioactive de-
cay. This power source gives
the mission an operating lifes-
pan on Mars) surface of a full
martian year (687 Earth days)
or more, while also providing
significantly greater mobili-
ty and operational flexibility,
enhanced science payload ca-
pability, and exploration of a
much larger range of latitudes
and altitudes than was possi-
ble on previous missions to
Mars.

Arriving at Mars at 10:32 p.m.
PDT on Aug. 5, 2012 (1:32
a.m. EDT on Aug. 6, 2012),
Mars Science Laboratory will
serve as an entrée to the next
decade of Mars exploration. It
represents a

huge step in Mars surface sci-
ence and exploration capabili-
ty because it will:

* demonstrate the ability to
land a very large, heavy rover
to the surface of Mars (which
could be used for a future
Mars Sample Return mission
that would collect rocks and
soils and send them back to
Earth for laboratory analysis)
* demonstrate the ability to
land more precisely in a 20-ki-
lometer (12.4-mile) landing
circle

* demonstrate long-range mo-
bility on the surface of the
red planet (5-20 kilometers
or about 3 to 12 miles) for

the collection of more diverse
samples and studies.

Body and instruments
The rover>s «body»

The rover body is -called
the warm electronics box,
or «WEB» for short. Like a
car body, the rover body is a
strong, outer layer that pro-
tects the rovers computer
and electronics (which are
basically the equivalent of the
rovens brains and heart). The
rover body thus keeps the rov-
ens vital organs protected and
temperature-controlled.
The warm electronics box is
closed on the top by a piece
called the Rover Equipment
Deck (RED). The Rover
Equipment Deck makes the
rover like a convertible car,
allowing a place for the rov-
er mast and cameras to sit out
in the martian air, taking pic-
tures and clearly observing
the martian terrain as it trav-
els.

The rover>s «brains»

Unlike people and animals,
the rover brains are in its
body. The rover computer
(its «brainsy) is inside a
module called «The Rover
Compute Element» (RCE)
inside the rover body. The
communication interface

that enables the main comput-
er to exchange data with the
rovers instruments and sen-
sors is called a «busy). This
bus is an industry standard
interface bus to communicate
with and control all of the
rover motors, science instru-
ments, and communication
functions.

Better memory than ever

The computer contains spe-
cial memory to tolerate the
extreme radiation environ-
ment from space and to safe-
guard against power-off cy-
cles so the programs and data
will remain and will not acci-
dentally erase when the rover
shuts down at night.
On-board memory includes
256MB of DRAM and 2 GB
of Flash Memory both with
error detection and correction
and 256kB of EEPROM. This
onboard memory is roughly
8 times as capable as the one
onboard the Mars Exploration
Rovers.

Better «nerves» for balance
and position

The rover carries an Inertial
Measurement Unit (IMU) that

provides 3-axis information
on its position, which enables
the rover to make precise ver-
tical, horizontal, and side-to-
side (yaw) movements. The
device is used in rover navi-
gation to support safe travers-
es and to estimate the degree
of tilt the rover is experienc-
ing on the surface of Mars.

Monitoring its «health»

Just like the human brain, the
rover computers register signs
of health, temperature, and
other features that keep the
rover «alive.» This main con-
trol loop essentially keeps the
rover «alive» by constantly
checking itself to ensure that
it is both able to communicate
throughout the surface mis-
sion and that it remains ther-
mally stable (not too hot or
too cold) at all times. It does
so by periodically checking
temperatures, particularly in
the rover body, and respond-
ing to potential overheating
conditions, recording power
generation and power storage
data throughout the Mars sol
(a martian day), and schedul-
ing and preparing for commu-
nication sessions.

Using its «computer brains»
for communications

Activities such as taking pic-
tures, driving, and operat-
ing the instruments will be

performed under commands
transmitted in a command se-
quence to the rover from the
flight team.

The rover will generate con-
stant engineering, housekeep-
ing and analysis telemetry and
periodic event reports that are
stored for eventual transmis-
sion once the flight team re-
quests the information from
the rover.

The rover has two «computer
brains» one which is normal-
ly asleep. In case of problems
the other computer brain can
be awakened to take over con-
trol and continue the mission.

Cameras (Hazcams):

Mounted on the lower portion
of the front and rear of the
rover, these black-and-white
cameras use visible light to
capture three-dimensional
(3-D) imagery. This imagery
safeguards against the rover
getting lost or inadvertently
crashing into unexpected ob-
stacles, and works in tandem
with software that allows the
rover make its own safety
choices and to «think on its

own.»

The cameras each have a wide
field of view of about 120 de-
grees. The rover uses pairs of
Hazcam images to map out
the shape of the terrain as far
as 3 meters (10 feet) in front
of it, in a «wedge» shape that
is over 4 meters wide (13
feet) at the farthest distance.
The cameras need to see far to
either side because unlike hu-
man eyes, the Hazcam camer-
as cannot move independent-
ly; they are mounted directly
to the rover body. [7]

Two Pairs of Engineering
Navigation Cameras (Nav-
cams):

Mounted on the mast (the
rover «neck and head»), these
black-and-white cameras use
visible light to gather pan-
oramic, three-dimensional
(3D) imagery. The naviga-
tion camera unit is a stereo
pair of cameras, each with a
45-degree field of view that
will support ground naviga-
tion planning by scientists
and engineers. They work in
cooperation with the hazard
avoidance cameras by provid-
ing a complementary view of
the terrain.

Four Science Cameras:
MastCam (one pair), Chem-
Cam, MAHLI:

Mast Camera will take col-
or images, three-dimension-
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placed in the sky, to lower
speed of landing to help rover
land on its wheels.

So do you know how organiz-
ers of this project choosed the
place of spacecraft landing?
The touchdown site, Bradley
landing, is near the foot of
a layered mountain, Aeolis
Mons. They considered more
than 30 Martian locations and
they were more than 100 sci-
entists participating in a se-
ries of open workshops. The
selection process benefited
from examin—ing candidate
sites with NASA’s Mars Re-
connaissance Orbiter and
earlier orbiters, and from the
rover mission’s capability of
landing within a target area
only about 20 ki—lometers (12
miles) long. That precision,
about a five-fold improve-
ment on earlier Mars land-
ings, made sites eligible that
would otherwise be exclud-
ed for encompassing nearby
unsuitable terrain. The Gale
Crater landing site is so close
to the crater wall and Mount
Sharp that it would not have
been considered safe if the
mission were not using this
improved precision.
Science  findings  began
months before landing. Mea-
sure~ments that Curiosity
made of natural radiation
levels during the flight from
Earth to Mars will help NASA

design for as—tronaut safety
on future human missions to
Mars.

In the first few weeks af-
ter landing, images from the
rover showed that Curiosity
touched down right in an area
where water once coursed
vigorously over the surface.
The evidence for stream flow
was in rounded pebbles mixed
with hardened sand in con-
glomerate rocks at and near
the landing site. Analysis of
Mars’ atmospheric com—posi-
tion early in the mission pro-
vided evidence that the planet
has lost much of its original
atmosphere by a pro—cess fa-
voring loss from the top of the
atmosphere rather than inter-
action with the surface.

In the initial months of the
surface mission, the rover
team drove Curiosity east-
ward toward “Yellowknife
Bay” to investigate an ancient
river and fan system identified
in orbital images.

The rover analyzed its first
scoops of soil on the way to
Yellowknife Bay. Once there,
it collected the first samples
of material ever drilled from
rocks on Mars. Analysis of
the first drilled sample, from
a rock target called “John
Klein,” provided the evidence
of conditions favorable for
life in Mars’ early history:
geological and mineralogical

evidence for sustained liquid
water, other key elemental in-
gredients for life, a chemical
energy source, and water not
too acid—ic or too salty. On a
subsequent drill sample, Curi-
osity was able to accomplish a
first for measurements on an-
other planet: determining the
age of the rock. The measure-
ments showed that the drilled
material was 4.2 billion years
old and yet had been exposed
at the surface for only 80 mil-
lion years.

In July 2013, Curiosity fin-
ished investigations in the
Yel—-lowknife Bay area and
began a southwestward trek
to the base of Mount Sharp. It
reached the base layer of this
main destination in Septem-
ber 2014. In the low lay—ers
of Mount Sharp during the
rover’s extended mission, re-
searchers anticipate finding
further evidence about hab—i-
table past environments and
about the evolution of the
Martian environment from
a wetter past to a drier pres-
ent.

Goals of this project and
its features

Mars Science Laboratory
will study Mars> habitabil-
ity

To find out, the rover carries
the biggest, most advanced
suite of instruments for sci-
entific studies-ever sent to the
martian surface. The rover
will analyze samples scooped
from the soil and drilled from
rocks. The record of the plan-

Robotic arm Laser

Used to examine and Burns small holes in
manipulate soil and rocks and soil up to
rocks; it also has two 23 feet away and
scientific instruments, identifies chemical
one uses X-rays to elements
determine materials’
composition and the
other is a magnifying

camera T

Photo courtesy
of NASA

Weather station J7Radiatit:m detector

Records wind speed/
direction, air pressure,
humidity, temperature
and UV radiation

Measures radiation
from the sun,
supernovae and
other sources

et s climate and eo ogy 1S €s-
sentially «written in the rocks
and soil» -- in their formation,
structure, and chemical com-
position. The rover>s onboard
laboratory will study rocks,
soils, and the local geolog-
ic setting in order to detect
chemical building blocks of
life (e.g., forms of carbon) on
Mars and will assess what the
martian environment was like
in the past.

UHF antenna

Primary
transmission
antenna

Color cameras

Stereo mastcams
on either side of the
rover's mast take
color pictures and
movies in 3-D

Plutonium
power source

A nuclear battery
that converts heat
into electricity

Neutron
detector

Detects water in
rocks and soil

Inside:

Chemistry lab  Mineral detector

Analyzes rock Shines an X-ray beam at
and soil samples a rock or soil sample to
for organics identify types of minerals

science Laboratory
relies on innovative technol-
ogies

Mars Science Laboratory will

Mars

rely on new technological
innovations, especially for
landing. The spacecraft de-
scended on a parachute and
then, during the final seconds
prior to landing, lowered the
upright rover on a tether to
the surface, much like a sky
crane. Now on the surface, the
rover will be able to roll over
obstacles up to 75 centimeters
(29 inches) high and travel
up to 90 meters (295 feet) per
hour. On average, the rover
is expected to travel about
30 meters (98 feet) per hour,
based on power levels, slip-
page, steepness of the terrain,
visibility, and other variables.
The rover carries a radioiso-
tope power system that gener-
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Mars Science Laboratory

Introduction

We all know one of the most
important space missions hu-
man kind has already done
is “mars science laboratory”
or “curiosity”. NASA’s Mars
science laboratory mission set

Cruise Stage Separation

=,

‘ * Cruise Balance Devices Separation

> "\ Entry Interface

B Heat Shield
Separation

“\ Peak Heating

Peak
: Deceleration

sive as other earlier Mars rov-
ers. So it has ability to detect
many things about past micro-
bial life on Mars. “More than
400 scientists from around the
world participate in the sci-
ence operations.” NASA says.

Sky Crane Detail
Altitude: ~66 feet (~20 meters)

£, Velocity: ~1.7 mph (~0.75 meter/sec)
V Time: Entry + ~400 sec

T’j@/
(
&

Velocity: ~1.7 mph
(~0.75 meter/sec)

€03 Back Shell Separation

i

down a large, mobile labora-
tory, using landing technology
that made one of Mars’ most
attractive regions a destina-
tion for the first time. Within
the primary mission that was
about 23 month, Curiosity
met its most important goal of
finding witness of a past envi-
ronment well supporting mi-
crobial life. The rover studies
the geology and environment
of selected areas to analyze
samples drilled from rocks or
scooped from the ground. Cu-
riosity has the most advanced
cargos of scientific gear ever
used on Mars’ surface, a car-
go more than 10 times as mas-

This mission is to answer this
question: Could Mars ever
have supported small life
forms called microbes?
Mars Science Laboratory mis-
sion is part of NASA’s Mars
Exploration Program, a long-
term effort of robotic explora-
tion of the red planet. Curios-
ity designed to assess whether
Mars ever had an environ-
ment able to support small
life forms called microbes. In
other words, its mission is to
determine the planet’s “habit-
ability.”

This research is about one the
most vital missions of NASA

Curiosity

that helps us to know about
the life on other planets, mate-
rials or substances, study the
probabilities and capability of
human life on the Mars, and at
last take part in future of life
on other planets and discover
many things whole the solar
system.

Curiosity Mission Over-
view

“The Mars science laborato-
ry spacecraft launched from
Cape Canaveral Air Force
Station, Florida, on Nov. 26,
2011. Mars rover Curiosity
landed successfully on the
floor of Gale Crater on Aug.
6, 2012 Universal Time (eve-
ning of Aug. 5, pacific time),
at 4.6 degrees south latitude,
137.4 degrees east longitude
and minus 4,501 meters ( 2.8
miles ) elevation.” As NASA
reported in its fact sheet.
The rover have designed to
steer itself during descent
through Mars’ atmosphere
with a series of S-curve ma-
neuvers similar to instruments
used by astronauts while pi-
loting space shuttles. Within
the 3 minutes before landing
on Mars, the spacecraft lost
its descent and slowed it down
with a parachute, then it used
some retrorockets that were
mounted around the edge of
its upper stage. After that the
upper stage acted as a crane
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