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For the teacher: 
 
In this book, we have provided you with information about the HiRISE camera and the 
Mars Reconnaissance Orbiter, as well as the answers to the questions in the student 
activity book. Many of the answers to questions, however, are simply student 
observations.  You may want to have a discussion with your students before beginning 
these activities about making observations, and the difference between observation and 
interpretation.  In our everyday lives, we tend to automatically skip to the 
interpretation.  For example, we would probably say that we see a cat (interpretation), 
instead of saying that we see a 4-legged animal with orange fur and pointed ears 
(observation).  Or we may walk across a bridge and say that we see a dry riverbed 
(interpretation), instead of a shallow sinuous depression with coarse-grained pebbles at 
the bottom (set of observations). In most cases in our daily lives, it make sense to 
interpret our observations quickly and move on, especially when it is something we’ve 
seen many times before, like a cat.  When we look at Mars, however, we have to look 
with fresh eyes and pay attention to all of the details.  Then after we gather a set of 
observations, we can interpret these observations.  A long sinuous feature on the surface 
of Mars may or may not be an ancient riverbed.  We need to make as many observations 
as possible before we can make an educated guess.   The concepts of observation and 
interpretation may be difficult for the younger students, but young children are 
fantastic observers, and often see much more than an older child or adult because they 
have less preconceived notions.  Simply introduce the idea and encourage the students 
to make as many observations as possible. 
 
This book has been specifically designed by the scientists working on HiRISE to prepare 
students to become involved in suggesting locations for the HiRISE camera to take photos 
of Mars and help analyze returned images via the HiRISE and Clickworkers websites. This 
will directly involve student in current scientific research, and will help the planetary 
science community and the public as a whole better understand Mars.  You can go to the 
HiRISE website at: http://marsoweb.nas.nasa.gov/HiRISE/. In the final activity, the class 
will make a decision as to where to take a picture of Mars and as a group, you will 
suggest a target on the HiRISE website.  Each week, we will select the best suggestion by 
a school group and make it the “Student Photo of the Week”.   Full instructions on how 
to use the HiRISE suggestion website are available in tutorials at 
http://hirise.seti.org/epo. There are also interactive online games available at this site. 
 
The main goals of this activity book are: 

1. To get the students comfortable with looking at images of Mars. 
2. To familiarize students with the common geologic features on Mars. 
3. To help students develop their skills of observation. 
4. To teach students about resolution, and show students the trade-offs of using 

high-resolution photography. 
5. To involve students in the HiRISE program so that they can suggest target sites 

and ultimately get involved in interpreting the images that are returned. 
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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 
Controller 

Power 
Supply 

Focal Plane 
Electronics 

Metering Structure

Baffle
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 
way is called binning, and we will talk about this in more detail in Activity 1. 

 6



 
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. 

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. 

 
 
Left 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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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 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 
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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! 

Binning  
When you select a HiRISE image in Activity 4, you will have the option of also selecting 
the resolution you want by choosing a degree of binning.  But what is binning? 
  
With binning, instead of getting 
information from each pixel in the 
camera, groups of pixels are 
combined to form larger single 
pixels, as seen to the right.  For 
instance, when there is 2x2 
binning, you receive information 
for a single pixel where before the 
binning you had 4 pixels (a box 
with sides 2 pixels long). Each new 
pixel you receive contains all the light from the 4 original pixels.  This makes that pixel 4 
times brighter, but you also have 4 times fewer pixels.  This is all done within the 
camera's electronics, based on how we command HiRISE at the time the picture is 
taken.  We do not change the binning afterward.   

  
Since binning reduces the spatial resolution, why would be ever want to use it?  If the 
scene is too dark, our experience shows that the picture will be so grainy that you won't 
be able to see the finest details anyway.  So you lose nothing by binning dark images to 
get the exposure right.  There are other cases where binning is useful.  If the weather is 
hazy, or if the spacecraft is jittering, then the picture will be blurry anyway.  Again, you 
lose nothing by binning.  Remember that we can't ask the spacecraft to be quiet all the 
time, so we expect to have to bin many of our images.  Finally, we just can't deal with 
too many giant 1,200 Megapixel pictures!  In many cases, it's better to take a smaller 
picture with fewer pixels.  We can do this by taking a picture that covers a smaller part 
of Mars, or we can use binning.  In some cases, we simply don't need to identify all the 
things as small as 1 meter (1 yard).  Then we can use binning to get a picture with just 
the right amount of spatial resolution and not clog up the system with pixels we won't 
need. Limiting the amount of data is important since the camera will be restricted by 
the rate at which data can be radioed back to Earth to returning approximately two full 
resolution images a day. Binning allows more images to be returned. 

  

 11



How Does Binning Affect My Image Suggestion? 
When you suggest an image observation for HiRISE on HiWeb, you will be asked to choose 
a degree of binning.  Your first inclination may be to specify no binning in order to 
achieve the highest possible spatial resolution.  However, unless you are interested in 
analyzing the finest details of your area, for example, looking at very small geologic 
features on a bright surface on a very clear day you may not actually need all those 
pixels.  In addition, all those pixels will jam up the data link back to Earth and prevent 
other pixels in other images from being sent home. For that reason, the HiRISE team 
may give your suggestion a lower priority. Therefore, unless you are interested in the 
smallest details of the features in your suggested image and can justify your request for 
full-resolution, you should probably select at least 2x2 binning. 

  
How Can I Decide What Degree of Binning is Best? 
One way to start thinking about the resolution you need for an image is to find out if 
there already is a narrow angle (high-resolution) Mars Orbiter Camera (MOC) image of 
your target.  HiRISE's highest resolution will be five times better than MOC's best 
resolution and will also provide color information. If there is not a MOC image of the 
target, it may be better to suggest moderate binning to produce a first look at the 
surface.  Alternatively, you could suggest MOC itself targets your site through their Mars 
Orbiter Camera Target Request Site (http://www.msss.com/plan/intro).  As of January 
2006, MOC is still operating aboard the Mars Global Surveyor spacecraft orbiting about 
Mars.  If there is an existing high-resolution MOC image of the area, try to get a general 
idea of how much better resolution you would need in a HiRISE image to understand the 
surface. Likewise, you may also want to look at the THEMIS daytime visual images from 
the Mars Odyssey Spacecraft. These are available at 18m/pixel and help give a better 
idea of the context of the region. Both the THEMIS and MOC images are integrated into 
the HiRISE image suggestion facility viewer for you to peruse.   
 
Here is a Mars Observer image with 4x4 binning (left) and without (right) binning: 
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MOC vs HiRISE 
The Mars Orbital Camera (MOC), onboard Mars Global Surveyor (MGS), used to be the 
highest resolution camera taking photos of Mars from orbit.  It takes photos at about 1.5 
meters/pixel.  It also does not take any color images.  In comparison, HiRISE takes 
photos of Mars at about 30 centimeters/pixel, a much higher resolution, and it can take 
photos in color.  Here are two images of a location in the Grand Canyon to show you 
what you would see if you took this image using MOC and HiRISE.  See the difference! 

1.5 m/pixel (MOC 
equivalent) 

 

 

 

 

 

 

 

 

 

30 cm/pixel (HiRISE 
equivalent) 
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Detail vs. Context 
One thing we are always thinking about when taking photos of Mars is the idea of detail 
versus context. When we take a photo at a very high resolution, we can see a lot of 
detail, but commonly there is less context, meaning it is difficult to get a big-picture 
idea of where you are.  An example might be if you were to take a picture of a big group 
of people or take a close-up photo of a single eye of one of the people (let’s call her 
Sara) in the group.  In the picture of the big group, you would not know that Sara has 
blue eyes- they would just look like dots, but in the close-up photo of Sara’s eye, you 
would know that her eyes are blue, but you wouldn’t know that they eye belonged to 
Sara or that she was part of a bigger group of people.  They eye is the detail and the 
large group of people is the context.  With Viking we got to see a lot of context- we 
could see impact craters and volcanoes and canyons. All of Mars was imaged, but we 
couldn’t see very much detail. With MOC, we could see more detail- gullies on crater 
rims, channels, large boulders.  Now, with HiRISE, we will be able to see even more 
detail- individual layers, smaller boulders, dunes and ripples. We won’t be able to take a 
photo of all of Olympus Mons or Valles Marineris at this detail though.  We can maybe 
take a photo of one part of a lava flow or part of the canyon wall.  We are choosing 
detail over context.  But that is okay, because we will use the context images from 
previous missions and another camera on MRO to help us get an idea of where the image 
is being taken.       
 
You can go online to the HiRISE website to look at an example on Earth.  There you can 
look at photos of the Grand Canyon, taken at resolutions similar to those the HiRISE will 
take. 

A. Go to 
http://marsoweb.nas.nasa.gov/HiRISE/
B. Click on the orange button that says 
“Image Viewer” 
C. Now you will see a page like the one to 
the left, with a large context image of 
the Grand Canyon.  In the center colored 
area of the image are 4 colored boxes 
representing the areas in the 4 photos at 
the top of the page. 
D. Click on any of the four boxes at the 
top to see the image. 
E. Now you will see two photos- the one 
on the left is the photo that you just 
clicked.  In the photo is an orange box.  
This is the area that is in the photo on t
right side.  Experiment using the slide
the bottom to look at the image at 
various “zoom factors”.   

he 
r on 

F. You can click on different parts of the 
photo on the left to move the orange box 
and look at different areas. 
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Geologic Features on Mars 

What is a geologic feature? 
A geologic feature is landform on the surface of a planet created by natural processes, 
such as a river or mountain.  In this activity, you are going to learn about some of the 
more common geologic features on the surface of Mars and you will have to find 
photographic examples of each.  Here are some definitions of these landforms, and some 
examples of these landforms on Earth. 
 
Impact crater: a large circular to oval-shaped 
depression in the ground created by a 
meteorite hitting the surface of the planet.  
An example on Earth is Barringer Meteor 
Crater in Arizona.>> 
 
Ejecta blanket: the ring of material that 
surrounds an impact crater that has been 
created by the forceful ejection of rock 
material out of the ground when the 
meteorite hits the planet. 
 

 
<<Volcanic caldera: a large crater caused by 
the violent explosion of a volcano that collapses 
into a depression. Here is a photo of Kamchatka, 
in Russia. 
 
 
 
 
 

 
Lava flow: molten rock that erupts on the earth's surface, 
either on land or under the ocean, by a volcano or through a 
fissure.  Photo of Mauna Loa Volcano by J.D. Griggs; 
http://volcanoes.usgs.gov>> 
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An ancient surface: On Earth, ancient (old) rock surfaces can be identified using age 
dating.  On other planets, where it is difficult to collect samples to bring into the 
laboratory, we use other methods to determine age of the surface rock.  On Mars, where 
plate tectonics is not active, we can use crater counts to determine the age of a 
surface.  If a surface is ancient, it is covered in many craters, because it has been sitting 
around a long time open to meteorite hits. 
 
A young surface: On Mars, a young surface is identified by a lack of impact craters.  If 
there are not many craters, that means that a new lava flow or sediment has covered 
the surface and filled in the older craters.   
 

<<Shoreline: the edge of a body of water.  There are 
shorelines all up and down the east and west coast of 
California.  Photo of shoreline in Bermuda from 
http://www.princeton.edu/~jhalderm/pics/2001-
06=bermuda/shoreline.html
 
Gully: a small ditch or valley created by running water. 
Such features are usually small, on the order of a meter to 
tens of meters. 
 
 
 
 
 
 
 

Dust devil trail: feature created by a small whirlwind, usually 
of short duration, that swirls dust, debris, and sand to great 
heights. Image of a dust devil from 
 http://www.wrh.noaa.gov/ images/psr/devil1.jpg>> 
 
 
Sand dune: A hill or ridge of wind-blown sand. 
 
 

 
 
<<Outflow channel: Large channels on the 
surface of Mars that contain riverbed features 
such as grooves and stream-lined islands. They 
are thought to have formed by the 
catastrophic release of large-scale water flows 
from the subsurface environment.  
Photo credit: http://www.marssociety.org.uk
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Canyon: A narrow chasm with steep cliff walls, cut into the earth by running water; a 
gorge. An example on Earth is the Grand 
Canyon, shown in this photo.>> 
 
Layered rock: rocks are deposited on the 
surface of a planet according to the Law of 
Superposition.  This means that younger 
rocks are deposited or flow over older rocks.  
This produces many layers of rocks, like you 
can see in the Grand Canyon.  The study of 
the layering of rocks is called 
Stratigraphy.>> 
 

 
 
<<Fault: fracture in the crust of a planet in which the rock 
on one side of the fracture has measurable movement in 
relation to the rock on the other side. An example on Earth 
is the San Andreas Fault. Photograph by Robert E. Wallace, 
USGS 
 
Scarp: a steep slope created by faulting. 
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