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Introduction:
"ORBITER is a free flight simulator that goes beyond the confines of Earth’s atmosphere. Users can add planets, space ships and space stations to the existing universe, or design a completely new solar system from scratch. The Orbiter Software Development Kit contains libraries and sample C++ code for add-on developers who want to write plugins." -Dr. Martin Schweiger
 
Cyrus Phillips, the director of Orbiter Mars Direct Project is coordinating a team of developers to use the Orbiter development environment to create an add-on package that is a realistic simulation of the various Mars Direct mission profiles, rockets, and vehicles. 
 
Orbiter with the Orbiter Mars Direct Project can serve the Mars Society a number of fields: a stable platform for mission simulation, visualization of hardware, engineering aspects, and trade-off studies. It can serve equally well for public outreach, education, and inspiration. Orbiter is a serious simulation tool but its use of 3D graphics shows the visual expressions of nature’s wild side in stunning clarity.
 
Orbiter Engineering:
By developing quality 3D models of mission hardware and by using the Orbiter Development Environment to implement modules for hardware simulation; all aspects of the mission profile and its hardware can be simulated. It is also possible to code specific or random hardware failures.

 
The Orbiter Mars Direct Project development team has a long-standing community of active professional developers. Many of them are real aerospace engineers for Lockheed Martin, NASA, and Northrop Grumman, and ESA. Dr. Martin Schweiger, the developer of Orbiter, was paid by the ESA to implement a flight recorder and playback feature in Orbiter for use in visualizing flight diagnostic data in Mat LAB. This community has ongoing trade studies and debates of various mission packages. As a result we have developed our own mission structure and hardware integration architecture following the Mars Direct philosophy outlined in "The Case for Mars" by Dr. Robert Zubrin.
 
With the release of the add-on, all documentation and studies used to develop the mission profile and its vehicles will be included. After the release it is planned that the Orbiter Mars Direct Project will still function to develop additional trade studies, including hardware performance and optimization, utilization and efficiencies.
 
It is possible with the Orbiter Development Environment to outline ground structure integration, and space based platforms that act in support of colonial objectives and terraforming. All these systems can be simulated in the moderate physics environment of Orbiter. The time from concept to completion is short and yields a simulation of the proposed hardware that is both visually appealing yet functionally complete. We can do on-orbit tests of the hardware using the simulation and discover exactly where many of the potential problems in mission plans, and procedures will be.
 
It is possible to assemble space station and ground components from delivered packaged hardware such as an array of Habs and greenhouses, ERV’s and solar farms, fuel depots, and automated production plants, air scrubbers and reactors or power stations, trusses, robot arms.
 
In this way it is possible to test if a robot arm will be able to install a truss segment. From these studies and mistakes made during virtual assembly we can learn the correct methods and procedures to install this equipment.
 
We can see how different engines are going to perform, and what impacts that performance will have on our Trans Mars approach, or Earth Return approach, flight times and approach velocities, aero breaking maneuvers, thermal and g-loading limits.
 
Since it is possible to save a simulation at any time in Orbiter, you can return to any point of a mission and replay those actions. You can use this feature to study different outcomes, lower orbits, risks, additional trade study options for secondary engineering, or science mission objectives. You could even create a simulation looking at communications issues.
 
Orbiter Public Outreach:
Orbiter Mars Direct Project can function very effectively as a public outreach platform to inform and gather interest. The add-on can be used to inform the public of the need for a manned mission to Mars. By demonstrating the mission, people can see the possibilities of undertaking Mars Direct. They witness the spectacular sight of the Hab coming to rest next to the ERV with a nuclear reactor half buried 1000 meters away in the barren landscape of Mars, or control a rover examining the Martian landscape. 

By deploying and manipulating virtual experiments, they can begin to understand the benefit of having humans on Mars. How those experiments will increase our understanding of nature and the universe. Of the possibilities of life, no matter the environment it may be found in. After using this add-on, the person will become aware of the importance of these issues.
 

By allowing a person to grab the flight controls of the Hab and fly their own aero breaking maneuver, the add-on will generate interest even among the causal observer. Even if they botch the maneuver by going up or down range, they can still reload the scenario for a second pass. And after landing the add-on will allow them to put on an Orbiter spacesuit and climb down the ladder to set their own feed on the red sands of Mars. The active involvement of the user will generate interest far beyond the passive experience of watching a video or seeing a movie.
 
Orbiter as an Educational Tool:
Orbiter has several advantages as an educational tool; by the use of the latest in 3D graphics it can hold attention of even the most jaded of youngsters, and by use the of realistic physics they will learn the basic principles of orbital mechanics. 

There are orbital parameters to consider, orbital inclination, eccentricity, Apotheosis, Peripheries, crossing nodes. If the student is going to rendezvous with another object, like the ISS, then that student needs to understand basic principles of synchronization, determining factors of orbital velocity, relative velocity, orbital decay and effects of perturbation parameters. Likewise going to Mars in Orbiter requires understanding of escape velocities, fuel efficiencies, Delta-V requirements, Orbital Alignment and correction burns, Angle of Attack and aero braking, ect.
 
All of this can be approached in a stepwise series of lessons so that the student can learn what that situation means, and react to it. In addition Orbiter features a variety of aides in a game like interface so that you don't have to have a background in calculus to learn orbital mechanics with orbiter.
 
For example, the student needs to know which direction to make a correction burn in order to lineup the final approach vector for a Mars Aero breaking maneuver. The student is presented with the reasons why the maneuver is needed, what the outcome should be, and the steps needed to be taken. Then while using Orbiter the student has the use of various tools in order to make the right final approach vector spot on with the right angle of approach into the planet’s atmosphere.

By making these fundamental principles of physics second nature to a user, a tremendous educational heritage becomes an innate part of their mental abilities. Through Orbiter the average layperson can learn to become a rocket scientist, astronaut, or even an aerospace engineer. Furthermore people who have applied themselves to learn and develop through Orbiter have gained real bachelors degrees, Masters degrees, and even PhD’s in Electrical Engineering, Aerospace Engineering, Physics, Computer Science, and Mathematics. Some users have achieved jobs in many career oriented related fields. Orbiter can be difficult but the tools are there for the dedicated user to learn and explore.
 
Reaching for a higher education degree also does not happen because of Orbiter. For myself, I have learned from experience that it can also act as a hindrance to study time, just like any video game. A careful mix of study time and rewarding Orbiter play time can yield a strongly successful educational result (Also leading a strong skill of time management and time-space awareness, as well as self discipline). Orbiter does not make the achieving of that higher educational degree any easier, but it can make them seem easier. Those obstacles seem easier because it is easier to apply yourself as a student to the things you are interested in. Orbiter has a tendency to act as a tie-in for many of the aspects of certain fields in the sciences, and technology. This brings the perspective of learning the subjects presented in the classroom to an application level. This also tends to drive the students interest level and can effectively act as a glue to hold that interest level at a sustainable level, which can result in higher levels of retention from the classroom, and higher grades.
 
Orbiter as an Inspirational Tool:
The most clearly defined role for Orbiter that I can see is its inspirational abilities to an audience. If you are new to the concept of the Orbiter Space Flight Simulator, then this inspirational experience might be fresh in your memory. There are not many things that can express the beauty of watching a sun rise in real time exactly as it would be viewed by real astronauts on board the ISS from Low Earth Orbit. Experiencing the canyons and mesas of Mars glide below you in silent ecstasy while nearing an aerobraking maneuver after traveling 100 million miles in a 6 month arc across the solar system from Earth.

Nothing like climbing out of the LEM in 1969 and planting your feet in the sea of tranquility. The feeling of slowly building your own space station. Assembling your own rockets in notepad operations checkout and logistics. Test flying your own spacecraft and aero spacecraft. Building your own switch panels and programming your own sub systems, doing your own avionics systems integration. And finally using those vehicles to launch and assemble on orbit, not only your own space station, but possibly your own entire space program.

After an 8 minute ride on the Space Shuttle you can shut off your engines right at MECO, go through the final shutdown sequences, and put the Atlantis into a slow roll over Africa. Switch to an external view and watch yourself silhouetted against the sunset across the dunes of Egypt and the soft urban lights of the Nile.

Make a slow decent in the five one thousandths (5/1000) gravity of Phobos to a landing on the dusty surface. Look up and catch a piece of Olympus Mons jutting over a distant crater rim.

It is also now possible to experience and test for your self on your very own Personal Computer nearly all aspects of the Mars Direct Mission profile. Earth Departure, Mars Aero braking and landing, Hab launch, Hab departure, Mars Hab Aero braking and landing, possible orbit loiter options, equipment deployment and ground exploration, Mars Orbit Insertion and all are possible with Orbiter! If you are not inspired by this, then nothing can inspire you.

Inspiration leads to learning. Inspiration leads to enjoyment, entertainment, and a need and sense to be involved with the exciting developments as they unfold. Inspiration leads to a sense of need to give back to the community that has helped make Orbiter what it is.

Inspiration brings out ideas, solutions to problems, new concepts, new ways of thinking, paradigm shifts, and wider perspectives on life, the universe, and everything.

Graphics:

Hand and Hand with inspiration is the graphics to drive that inspiration. This is one of the strongest aspects of Orbiter because the goal of the simulator is to present the simulator user with a view of what space flight really is like. To make it immersive to the point were you can almost imagine yourself floating weightless, or buffeted by high velocity super heated jets of plasma wind on a precision reentry approach to KSC – Kennedy Space Center from halfway around the planet, or Tharsis, or any other place in the solar system.

This involves a great deal of mapping, 2D color maps, 3D topographical maps, fictional maps, maps based on real satellite imagery, simulated maps, maps of control panels, micro maps, texture maps of rings, flags, space ships, logos. Nearly everything in Orbiter has a great deal of texture maps! If it's not maps, then it’s either hidden functionality in code, or 3D models. 3D Models can be just as much an aspect of aesthetics as the textures that are applied to them. People tend to be very picky about both. Unless of course you're toying with the flying cheeseburger add-on.

I have been working to build a relationship with Mario Rossi of www.Space-Graphics.com as a supplier of texture maps for Orbiter. There are so many planetary bodies and surfaces in Orbiter that need to be properly textured that I decided to start an add-on program specifically targeted to developing these textures. We do not want to limit ourselves to imagery returned from the LandSAT series of satellites. Rather we are branching out, to include all possible sources as aloud by the organizations and companies that would provide them. This includes Themis, MGSI, MRO, Galileo, Cassini, Venus Express, Mercury Express, New Horizons, Voyager I & II, Clementine, and others. Not only are we including real satellite imagery, but our goal is to supplement that imagery with simulated imagery for the ideal and totally perfect solar system texture maps for applications in visualization, space flight simulation, entertainment graphics (movies), and general public enjoyment through the Orbiter simulator and other simulators.

Closing:

We have seen that Orbiter has great potential to act as a tool for solving many of the problems we may face in a real manned Mars mission, Engineering and mission integration issues that could become a problem when hardware development proceeds with actual implementation. We've seen how Orbiter can help with our public out reach goals, presentations of ideas and mission concepts, trade off studies, education, inspiration, graphics, 3d modeling, testing, and visualization.

It is only through getting a complete picture that we can see not only the final outcome, but a path to get there; just like a satellite image and GPS guidance can show us the way through a maze. Orbiter provides that complete package; all we need to supply is vision to see it through. That vision is just now beginning to come into focus thanks to the special efforts of the good Dr. Martin Schweiger, author of the Orbiter engine, Cyrus Phillips, director of Orbiter Mars Direct Project, and the Orbiter community at large for their support and participation.

Invites:

Don't forget to visit our booth and view first hand some of the cutting edge developments in progress right now.

You are welcome to join us in the Orbiter community and watch the developments of the core Orbiter engine at:

http://www.Orbitersim.com 

and the main Orbiter community forum: 

http://orbit.m6.net/Forum/default.aspx
Feel free to stop by the Mars Direct Project page and sign up for the latest

information and debates relative to the design and implementation details.

http://barnstormer.home.mindspring.com/marsdirectproject/marsdirectproject.htm
Join in with the discussions and debates on the Mars Direct Forums:

http://www.ibiblio.org/mscorbit/phpBB2/index.php
View the latest details and developments on the Orbiter LandSAT project:

http://www.OrbitersimLandSAT.com
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