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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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Activity 1: Is it a bird? Is it a plane?  I need more pixels! 
 

What is Resolution? 
  
If you've ever shopped for a digital camera, you have probably heard that a camera with 
more pixels means a better camera.  Different cameras advertise 4, 6, or 8 Megapixels!  
This gives you 4 to 8 million pixels in your photograph.  Fantastic!  Wonderful!  Amazing! 
But what is a pixel, and why do you need so many? 
 
A pixel is a square containing a single color.  The more pixels per centimeter you have, 
the smaller each pixel has to be. Look at the example of the Earth below.  In the first 
picture there are only 2 pixels per centimeter so you can see every large pixel. There 
are only 100 pixels total in the image.  In the middle photo, there are 676 pixels making 
up the image. You can see the outline of North America and tell that you are looking at 
a round object.  Finally, the photo at the far right has 20 pixels per centimeter, and 
there are a total of 10,404 pixels!  In this image you can see the great lakes and see 
finer detail like Baja and Florida.   
 
  

   
   2 pixels/cm     5 pixels/cm    20 pixels/cm 
 
So, the more pixels you have over the same picture (or same area), the more detail you 
can see.  The more detail you can see, the higher the spatial resolution.  But what is 
spatial resolution?  We use this phrase to mean the ability to distinguish ("resolve") 
different objects based on their size and shape ("spatial" characteristics). HiRISE is the 
highest spatial resolution camera ever flown to Mars on an orbiter.  

  
Spatial resolution is the minimum distance between two objects that is distinguishable.  
For example, if two boulders, each 1 meter wide, were sitting next to each other in a 
photo, and you were able to tell that these were two separate objects (you can resolve 
them), then we would say that the photo has a “one-meter resolution”.  If we looked at 
another photo and could not see any boulders, but we could see two craters right next 
to one another, each 20 meters wide, and tell that these were separate craters (we can 
resolve the separate craters), then we would say this photo has a “twenty-meter 
resolution”.  The photo with the one-meter resolution is said to be higher in resolution 
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than the photo with twenty-meter resolution.  This is because you can see (resolve) 
more detail.   
 
You can actually detect objects smaller than the stated resolution. That is because 
several pixels (usually 3 or 4 together) are required to resolve features on the surface of 
Mars. The rule of thumb that NASA scientists use when looking at images from Mars is: 
There must be 3 pixels across an object to be sure that it is really there and roughly 10 
pixels across it to identify the object.  When HiRISE is operating at its highest resolution, 
it includes about 30 cm of land in each pixel.   If you multiply 30 cm by 3-4 pixels, that 
means that HiRISE is able to resolve features that are about 1 meter across.  So, HiRISE 
is said to have one-meter spatial resolution. 

  
Other instruments onboard the MRO spacecraft specialize in other types of resolution. 
For example CRISM, with less spatial resolution than HiRISE, uses infrared colors to help 
distinguish objects and has very good spectral resolution.  HiRISE has some spectral 
resolution because we can take pictures in three colors, Blue-green, red, and near infra-
red.  A third kind of resolution, called temporal resolution comes when one distinguishes 
objects based on changes in time.  The MCS and MARCI instruments onboard MRO use 
high temporal resolution to track changes in the Martian weather.  As you can see, the 
MRO mission has instruments with new capabilities for every kind of resolution! 
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