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Introduction 

HiRISE 
 
The High Resolution Imaging Science Experiment (HiRISE) is a 
camera onboard the Mars Reconnaissance Orbiter (MRO) mission, 
launched on August 12, 2005. HiRISE will take high-resolution 
photos of the surface of Mars.  Some of these photos will be in 
color, and some will be taken in stereopairs so that we can see the 
surface in 3D! HiRISE is the most powerful camera that has ever 
been launched in space outside of Earth’s orbit.   
 
Not only that, but now you 
can help select where    

MRO^  photos are taken of the surface of 
Mars!  HiRISE is called “The People’s Camera” 
because scientists and the public are being asked 
to select targets and analyze the images that are 
returned!  This activity book is designed to help 
you learn a bit more about Mars and photo 
interpretation so that you can use the HiRISE 
target suggestion website to tell NASA where we 
should aim the camera.       The HiRISE camera^ 
 
Parameter: Details: 
Ground Sample Distance (GSD) 30 cm/pixel 
Spectral range 400 to 600 nm Blue-Green (BG)  

550 to 850 nm Red  
800 to 1000 nm Near infra-red (NIR)  

Resolution 1 meter 
Science goals  Understand the geologic and climatic processes and history of Mars, 

including origins, relative ages, and distributions of:  
 Channels and valleys  
 Former lakes and oceans  
 Recent gullies 
 Sedimentary and other layers  
 Volcanic landforms  
 Glacial and periglacial landforms  
 Hydrothermal alteration  
 Eolian and polar deposits  
 Near-surface crusts and horizons 

 
 
 
 
 

   <Launch of MRO on 08/12/05 
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How HiRISE Works 
 

Usually when we think of a photograph we think of an image taken 
all at one time, like this photo of Yosemite.  It is made up of 443 
columns and 674 rows of pixels, meaning the camera captured 
almost 300,000 pixels at once.  Typical digital cameras today can 
capture 4-8 million pixels in all at once. 
 
With HiRISE, we will often take pictures with more than a billion 
(yes, that is with a "B"!) pixels.  Each HiRISE pixel only covers 
about 0.1 square meters (1 square foot) but we want to examine 
areas that are more than 72 square kilometers (or 28 square miles) 
in a single picture.  We just can't build electronics that can capture 
that many pixels all at once.  Instead, we use the "push broom" 

method. 
 
A push broom comes in handy when sweeping a long 
hallway, since you can make long sweeps to pick up an 
entire swath of dust.  Likewise, HiRISE doesn't take a 
single image of an entire scene all at once, but instead 
builds up a picture by "sweeping" a swath of Mars.  As the 
MRO spacecraft speeds over the surface of Mars, the 
camera builds up the picture by grabbing one row of 
pixels at a time.  This means HiRISE has to deal with no 
more than about 20,000 pixels at a time. 
  
When sweeping a hallway, the width of the swath you 
clean with each push of the broom just depends on how 
wide the broom is.  How far you push the broom controls 
how much hallway gets cleaned with each stroke.  

 
 
For HiRISE, the width of the image is controlled by 
how many detectors we use (we can have images 
that are 10 detectors wide with 2000 pixels in each 
detector).  But the length of the image just 
depends on how many rows of pixels we choose to 
collect.  We choose this to balance how much 
ground we cover versus how much data we can 
store on the spacecraft, how much data we can 
radio back that day, and how hot the electronics 
would get.  The camera's internal memory can hold 
just over a billion pixels.  The data then get 
transferred to the spacecraft's memory (which acts 
like a hard drive) and then is sent back to Earth via 
a radio link.  
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The external components of the HiRISE camera are shown below.  The telescope 
structure is made of graphite-fiber-reinforced composite.  This produces a stiff, 
lightweight structure with low moisture absorption.  
 

Instrument 
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Focal Plane 
Electronics 

Metering Structure
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Tube 

Sunshade 

Spacecraft Structure

Support ring  
~1 m diameter 

 
 
 
The HiRISE field-of-view moves over the surface of Mars at 3.2 km/s (that is about 7,000 
miles per hour!)  The camera has been designed to collect and store the equivalent of 
1200 1-megapixel images in about 6 seconds! This is analogous to imaging coarse sand 
grains on the road while driving 125 miles/hour! HiRISE has to be moved with extreme 
precision and smoothness to track the surface of Mars.  Luckily for us, HiRISE is in the 
able hands of the MRO spacecraft, which was built to accomplish this daunting task.  
Still, we worry that even little motions, such as moving the solar arrays, will make the 
spacecraft jiggle and blur our pictures.  Therefore, when we want to take our sharpest 
pictures of Mars, we have to (politely) ask all the other instruments and the spacecraft 
to be extra quiet...  not something we can demand all the time! 
  
HiRISE engineers also had to design the camera so that we get the right exposure.  You 
may have noticed that if you take a picture that comes out too dark, the picture is 
'grainy'?  Or if it is too bright, the picture is 'washed out'?  You just can't see as many 
details if you set the exposure wrong.  One way to deal with this is called "Time Delay 
Integration" (TDI).  TDI is a bit tricky to explain, but the short version is that we can 
chose to gather 8, 32, 64, or 128 times as much light as a single pixel would.  Another 
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way is called binning, and we will talk about this in more detail in Activity 1. 
 
Once the image of Mars has been taken, it has to be sent back to Earth.  A high-
resolution image is 20,000 pixels by 40,000 lines and will take from 4 to 48 hours of 
transmission time to return to Earth, depending on a variety of factors, including 
distance from Earth. 
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Inside HiRISE  
This drawing shows how light (shown by the yellow arrows) enters the front of the 
camera, is gathered by the 50 centimeter (20 inch) diameter 'primary mirror' and then is 
sent by a series of additional mirrors to be focused onto the detectors. 

 
 
Below is the actual HiRISE mirror sitting in the laboratory before installation into the 
camera. The mirror is 50 cm (about 20 in) in diameter. The hole in the middle allows 

light that has reflected 
off the secondary 
mirror to pass through 
to the detectors that 
sit behind the mirror. 
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The HiRISE 'focal plane array', 
shown here in the laboratory, 
consists of 14 linear CCDs, 
each sitting behind a filter. A 
CCD is a charge-coupled 
device, which is an integrated 
circuit that responds to light. 
CCDs are used to capture and 
store image data. A good CCD 
can produce an image in 
extremely dim light, and its 
resolution doesn't degrade in 
low light the way those of 
film cameras do.  They are 
staggered here to provide full 
swath coverage without gaps. 
Most of the CCDs in HiRISE use 
a red filter that just allows 
red light to enter the detector.  In the very center of the camera, there are four extra 
CCDs, two each behind blue-green and infrared filters.  Therefore, the central 20% 
(2/10) of each image will be obtained in 3 different filters, allowing image-processing 
specialists back on Earth to reconstruct the central part of each image in color.   
  

Blue-Green & NIR

Active Length of Red Array

CCD Active Area

24.6 mm

Active Length of a DCA
FPA Substrate

DCA Substrate

 
Filters in front of the detectors provide images in the three wavelength bands: red (or 
panchromatic), blue-green (BG), and near infrared (NIR). Both the BG and NIR bands 
have a total swath width of 4048 pixels, and the red channel has a swath width of 20,264 
pixels.  
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Other MRO Instruments 
While HiRISE is obtaining a very high-resolution image of a narrow swath of Mars' 
surface, the other MRO instruments will be busy as well.  The CTX imager will provide a 
wider-angle view of the same region to help place the HiRISE image into the context of 
its surroundings.  The CRISM multi-spectral imager will obtain simultaneous images in the 
near-infrared spectral region to help identify the surface composition. 

 
Websites for the other MRO instruments: 
CRISM: http://crism.jhuapl.edu/overview.html
Information on all other instruments onboard MRO: 
http://marsprogram.jpl.nasa.gov/mro/mission/sc_instru.html
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