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Mars Reconnaissance 
Orbiter (MRO)

From the fascination it’s provided for the field of 
astronomy for centuries, to the secrets it’s yielded 
since the first Mars mission in 1960, the Red Planet 
remains an elusive and esoteric point in the  
night sky. 

Since the early 1960s, the collective space 
agencies of the world have launched over 50 
missions to the distant world the Romans named 
after their deity of war, and one of those missions 
– NASA’s Mars Reconnaissance Orbiter (MRO) – is
in its 14th year of ground-breaking study above
Mars. Through the lens of its colossal HiRISE
camera we have been able to study the Red Planet
like never before and it has radically changed our
understanding of this awe-inspiring destination.
Much like many spacecraft before it (and, no doubt,

those to come after it), the MRO was born out 
of NASA’s ever evolving mission to study Mars 
in greater depth. After more than a decade of 
successful launches, NASA’s long-standing Mars 
Exploration Program (MEP) decided it needed a 
powerful camera, designed specifically to study 
Mars' unusual topography and composition. 

“The Mars Reconnaissance Orbiter was designed, 
built and launched with the key purpose of 
supporting the MEP in multiple ways,” reveals Dr 
Alfred McEwan, director at the Planetary Research 
Lab at the University of Arizona and a scientist 
involved in the MRO programme since its inception. 
“From the very beginning, we need it to perform 
the relay of surface assets, perform vital landing site 
reconnaissance, run important atmospheric studies 
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USER MANUAL

Launch: 12 August 2005 
Launch rocket: Atlas V 401
Target: Mars
Operators: NASA and JPL
Orbital inclination: 93 degrees
Component: Multiple components
Arrival at Mars: 10 March 2006
Mission ends: TBC
Time spent in orbit: 14 years

Apart from its 
record-breaking 
main camera, the 
MRO’s development 
and build time was 
far shorter than 
that of other orbiter 
programmes

“ The MRO has the most capable science 
instruments at its disposal and a much 
higher data rate than any other orbiter”

The Mars Reconnaissance Orbiter’s launch 
went off without a hitch, and blasted off 
onboard NASA’s long-standing rocket of 
choice, the Atlas V

6.5m

1.7m 
(average 

human 
height)

THE SPECS

It took seven months for 
the MRO to reach Mars and 
enter its intended orbital 
insertion. This image, one 
of its first, was beamed 
back surprisingly fast
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Gimbals
Two mechanisms make 

sure the solar arrays 
point toward the Sun, 

and another ensures 
the High Gain Antenna 

points toward Earth.

Solar panels
The MRO's only 
source of power is 
sunlight. Each panel 
is approximately 
10m2 (107.6ft2) and 
capable of generating 
1,000 watts.

High Gain Antenna
The High Gain Antenna is the 
Mars Reconnaissance Orbiter’s 
main means of maintaining 
communication with Earth.

SHARAD
The MRO’s onboard 
Shallow Subsurface 
Radar is there to 
probe and define 
the composition of 
Mars’ polar ice caps.

HiRISE
The largest and most 

powerful camera ever sent 
to deep space, the High 

Resolution Imaging Science 
Experiment is the MRO’s 

most important instrument.

Anatomy of the MRO
Boasting the most powerful camera ever sent to deep space, 

the orbiter has been studying the topography and composition 
of Mars for over ten years with some fascinating discoveries

CRISM
A visible and near-infrared tool, 
the Compact Reconnaissance 
Imaging Spectrometer for 
Mars is used to measure the 
surface mineralogy on Mars.

MARCI
The Mars Color 

Imager is a wide-
angle, low-resolution 
camera that can see 

in five visible and two 
ultraviolet bands.

Electra
Electra is a UHF 
software-defined radio 
communications package 
used for communicating 
with other craft heading 
to and operating on Mars.

CTX
The Context Camera 
works in conjunction 
with MARCI and 
HiRISE to create large 
contextual maps for 
possible lander sites.

MCS
The Mars Climate Sounder 
is the other spectrometer 
onboard the MRO and it 
measures temperature, 
pressure, dust levels and 
water vapour.
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for EDL (Entry, Descent and Landing) and Mars- 
based science.”

Even before it launched from Cape Canaveral in 
2005, it was already turning heads. Most notably 
for the hyperactive speed of its development. Most 
orbiters take around a decade from design to launch, 
but for the MRO, that turnaround was positively 
supersonic. “It was approved back in 2001 and 
was ready for launch in August 2005,” comments 
Dr McEwan. “This was very fast compared to the 
development cycles of today’s NASA.”

So what makes the MRO so different from the 
other Mars orbiters the American space agency has 
launched in the past? The answer lies in the clarity of 
its images and the data it captures from the planet’s 
atmosphere and composition. 

“MRO has the most capable science instruments at 
its disposal (highest spatial resolution at visible, 

infrared and radar wavelengths) and a 
much higher data rate than any other 

orbiter we’ve ever launched,” adds 
Dr McEwan on the craft’s unique 

instruments. “Orbiters provide 
the global view and landers/
rovers study very tiny areas in 
great detail, so in that regard 
they’re quite synergistic in 
their capabilities.” The main 
crux of those capabilities 

lies in its onboard camera – 
HiRISE. The largest camera 

ever carried on a deep space 
mission, this 0.5-metre (1.6-foot) 

Getting into 
Martian orbit

Darkened entrance
Due to the trajectory that they 
often travel from Earth, some 
craft begin orbit insertion 
while they are in eclipse.

Adjusting speed
Now entering orbital insertion 
at an angle of 93 degrees, the 

MRO begins to slow down 
via aerobraking and enters a 

low-altitude orbit. Phoning home
The MRO begins imaging 
the surface of Mars almost 
immediately. These debut 
images are then sent back 
to NASA on Earth.

Journey to Mars
After blasting off from Earth 

and separating from its Atlas V 
rocket, the MRO now begins its 
steady journey into deep space.

Readjusting trajectory
After seven months of 
travel, the MRO reorientates 
to align its thrust vector. The 
craft then fires its engines 
to reduce its velocity.
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              map 
the Martian 
surface

HOW TO…

The MRO’s High Resolution Imaging Science 
Experiment is a milestone in space-based 
camera technology. It’s the largest and 
most powerful camera ever sent into deep 
space and consists of a 0.5m (1.6ft) aperture 
reflecting telescope. It cost a whopping 
$40mn (£27.5mn) and can capture images of 
Mars’ surface with resolutions of 30cm/pixel 
(11.8in/pixel). It’s even caught shots of the 
Curiosity and Opportunity rover missions.

High Resolution 
Imaging Science 
Experiment  

MRO  
2,180kg

Mars Odyssey 
725kg

Head to head
How does NASA’s MRO stand up to the other long-
standing orbiter, the 2001 Mars Odyssey? In terms of 
launch mass, Odyssey clocked in at 725kg (1,598lb), 
but the MRO is far chunkier at 2,180kg (4,806lb). 
But, both orbiters are tiny compared to a regular 
double decker bus’ impressive 11,900kg (26,235lb). 
Height-wise, the Mars Odyssey is 2.2m (7.2ft), while 
the MRO is 6.5m (21.3ft) – about one and a half times 
the height of a double decker bus (4.38m or 14.4ft).

Vital statistics
TOP TECH

The minimum 
distance between 
Mars and Earth

54.6mn km

The weight 
of the MRO
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The height of the 
Atlas V rocket

The amount of 
electricity needed 
for the MRO

2,000 watts

4 Capture and return
In order to capture high resolution details up 

to 30cm/pixel (11.8in/pixel), NASA uses the MRO’s 
HiRISE camera. Pointed at a desired location based 
on data collected by CRISM and CTX, the super 
deep-space lens can capture detailed shots of the 
Martian surface and beam them back to NASA. 

3 Global scale
Before the HiRISE camera is put into action, 

the onboard Mars Color Imager (MARCI) begins 
taking wide-angle shots in relatively low resolution. 
It can take up to 84 images a day, creating a vast 
map of the Martian surface. The MARCI sees five 
visible bands and two ultraviolet bands.

2 Capturing the spectrum
In order to correctly capture the likeness of 

the Martian surface, the MRO uses a spectrometer. 
One of the craft’s main spectrometers, CRISM, 
has the power to see 544 near-infrared channels, 
allowing the MRO map to now include vital 
mineralogy and surface composition data.

1 Providing some context
In order to know where to point the powerful 

HiRISE (High Resolution Imaging Science 
Experiment) camera, the MRO uses the Context 
Camera to determine the most suitable region. The 
Shallow Subsurface Radar is used if the presence 
of underground polar ice caps is also factored in.

equivalent 
to 1,362 

trips 
around 

own planet

A touch heavier than 
your average 4x4 car

It would take 
five MROs 
to power a 
normal home

That’s just 
over half 
the size of  
Big Ben

2,180kg

58.3m

Using sounders and radars such as CRISM and 
SHARAD, the MRO has also made a startling 
discovery – results published in the Science 

journal in September 2009 showed deposits 
of polar ice had been exposed to the 
surface by comet strikes. “Ice exposed 
(temporarily) by new impact craters was a 
brand new discovery made by the MRO, 
and there have been many advances in 
polar science,” says Dr McEwan. “Another 
notable milestone is the discovery, by radar, 
of buried carbon dioxide ice in the south 
polar cap.”

Now 14 years into its lifespan, the MRO’s 
future is far from grim. In fact, it’s now fully 
embracing its role as a communications 
support craft for future missions. It has 
been supporting the InSight Mars mission, 
which successfully landed on the Red 
Planet on 26 November 2018.

reflecting telescope is the grandest of three 
lenses pointed at Mars’ surface (the Context 
Camera takes images in greyscale and provides 
context maps for the other cameras, while the 
low-resolution MARCI – Mars Color Imager – 
gives daily Martian weather reports).

The heart of the MRO’s science mission 
(which was only meant to last two Earth years 
from 2006 to 2008) is centred around mapping 
the planet’s surface to determine ideal landing 
sites for future NASA landers, and studying 
the Martian atmosphere and landscape to 
better understand its composition and the 
nature of its aqueous deposits. Its trio of 
aforementioned cameras capture these maps 
with an incredible clarity, a capability bolstered 
by its spectrometers CRISM (Compact 
Reconnaissance Imaging Spectrometer for 
Mars) and MCS (Mars Climate Sounder). The 
MCS and the MRO’s Shallow Subsurface 
Radar (SHARAD) have been helping NASA 
scientists study another 
fascinating aspect of Mars – the 
presence of water in its various 
aqueous forms, much of which is 
contained in ice caps buried in 
the planet’s subsurface. 

Atlas V 401
The MRO launched 
aboard the smallest 
member of the Atlas 
V rocket family. The V 
401 is 58.3m (191ft) tall.
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