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Planetary Exploration 

 Flybys: Spacecraft that study a planet only briefly, 
passing by the planet without entering into its orbit.  

 

 Orbiters: Spacecraft that study a planet over a 
longer period of time by slowing down when the 
target planet is reached and entering into its orbit. 

 

 Landers: Crafts designed to land on a planet’s 
surface and study the planet directly. 

 

 Rovers: Mobile robots designed to study a planet 
while traveling across its surface. 



Mars Exploration History (USA) 

 Flybys 
 1967 – Mariner 4 

 1969 – Mariner 6 & 7 

 

 Orbiters 
 1971 – Mariner 9 

 1996 – Observer 
Surveyor 

 1998 – Climate Orbiter 

 2001 – Odyssey 

 2005 – Reconnaissance 
Orbiter 
 

 Landers 

 1975 – Viking 1 & 2 

 1999 – Polar Lander 

 2008 – Phoenix Lander 

 

 Rovers 

 1996 – Sojourner 

 2003 – Spirit & 

Opportunity 

 2011 – Curiosity 

http://history.nasa.gov/marschro.htm 



Mars Rovers 

Left to Right: Spirit/Opportunity, Sojourner, Curiosity  



Mars Rover Goals 

 Determine whether Life ever arose on Mars 

 Characterize the Climate of Mars 

 Characterize the Geology of Mars 

 Prepare for Human Exploration 

http://marsrover.nasa.gov/science/goals.html  



Mars Rover Goals 

 Determine whether Life ever arose on Mars 
 Life, as we understand it, requires water, so the 

history of water on Mars is critical to finding out if 
the Martian environment was ever conducive to 
life. 

 The rovers will focus on questions concerning water 
on Mars: its past, where it was located, and the 
chemical and geological interactions with the 
rocks and soil. 

 Close-up studies of surface samples will reveal new 
details of Mars mineralogy that may help answer 
whether water was involved in rock and soil 
formation, and the nature of those processes. 

http://marsrover.nasa.gov/science/goal1-design.html 



Mars Rover Goals 

 Characterize the Climate of Mars 
 Recorded in the structure and mineral content of 

Mars' rocks and soils are signs of the environmental 
conditions under which the materials were formed 
and altered. 

 Detailed studies of rock samples with the rover 
instruments will reveal climate details of Mars´ past, 
which may have been warmer and wetter. 

 In addition, one science instrument will periodically 
look up to gather temperature profiles of the 
atmospheric boundary layer - the layer of 
atmosphere from the surface up to 10 kilometers (6 
miles) in altitude. 

http://marsrover.nasa.gov/science/goal2-design.html 



Mars Rover Goals 

 Characterize the Geology of Mars 

 The rovers are equipped with some of the tools a 
geologist would carry into the field, as well as the 
scientific instruments a geologist would use in a lab 
to study collected samples. 

 Detailed mineralogical study of rock samples will 
reveal their content and the conditions in which 
they formed. 

 Of particular interest to the rover science team are 
minerals containing the element iron, which 
interacts strongly with liquid water. 

http://marsrover.nasa.gov/science/goal3-design.html 



Mars Rover Goals 

 Prepare for Human Exploration 
 The Mars Exploration Rovers will characterize the 

chemistry and mineralogy of the Martian soil and 
dust, and perhaps some of the potential hazards 
that they may pose to humans. 

 Through its studies of surface mineralogy, the 
mission will help in the assessment of soil and rock 
as potential in-situ resources for future human 
missions. 

 The rovers will also contribute to studies of how well 
the rovers can traverse given characteristics of the 
soil (for instance, how much resistance the soil 
provides, how far down the wheels sink etc.). 

http://marsrover.nasa.gov/science/goal4-design.html 



Mars Rover Operation 

 Each day, NASA scientists have only 3 hours to send 
commands directly to the Mars rovers 

 These commands may include navigating across the 
planets surface, analyzing the composition of the 
rocks, or taking photographs of the environment 

 For the remainder of the day, the rover attempts to 
execute these commands without further contact 
from Earth 

 Data collected by the rovers is sent to the Odyssey 
orbiter, which relays it back to Earth 

 NASA scientists then evaluate the data that has been 
collected by the rover and the process begins again 

http://science.howstuffworks.com/mars-rover.htm 



Performing Your Own Mars Mission 

 Stage 1: Rover Calibration 

 Straight Distance Calibration 

 Right Turn Calibration 

 Stage 2: Mars Rover Exploration 

 Identify Current Mission Objective 

 Plan Rover Action Sequence 

 Transmit Actions to Rover 



Stage 2: Mars Rover Exploration 

 Overview: 

 Each team will use two groups 
to navigate their Mars Rover 
over the planets surface 

 The NASA scientists group will 
study the Mars environment 
and collaborate to plan a 
sequence of rover actions that 
will achieve their current 
mission objective 

 The Rover Drivers group will 
take turns executing exactly 
the planned actions outside of 
view of the Mars environment 



Stage 2: Mars Rover Exploration 

 Mission Objectives: 
 Analyze unique minerals 

on the planet’s surface 

 Search for water on the 
planet’s surface 

 Retrieve atmospheric 
data from the science 
stations 

 Search for evidence of 
life on Mars 

 Rescue the stranded 
astronauts 



Stage 2: Mars Rover Exploration 

 Navigation Actions: 

 Forward (F) 

 Backward (B) 

 Forward Left (FL) 

 Forward Right (FR) 

 Backward Left (BL) 

 Backward Right (BR) 

 Mission Objective Actions: 

 Analyze Minerals (AM) 

 Rescue Astronaut (RA) 

 Obtain Water Sample (WS) 

 Retrieve Atmosphere Data (AD) 

 Identify Martian Life (IM) 

Note: All Navigation Actions must be specified with one of the  

following durations: 1/4 second, 1/2 second, 1 second, or 2 seconds. 

Note: Mission Objective Actions will only complete successfully if the 

Mars rover is within range of the mission objective. 


