Topographical Data Capture In Outer Space
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Past Issues and Current Solutions-


July 20th 1969. the first U.S. Americans, Lance Armstrong and Buzz Aldrin take man’s first steps on the Moon. While this feat goes down in history as Americas first walk on extra terrestrial soil, it is also an event that almost ended before it began. Before NASA discovered the technology to map the surface of Earth or the Moon they relied on high definition photography from telescopes to describe the topographic surface of planets in our solar system. Based on these 2D images, much of the surface features of the Moon were extremely difficult to read. Other problems such as communication delay and very low bandwidth technology made a lunar landing an extremely difficult feat. The astronauts aboard the shuttle were forced to override the computer’s set landing site and manually control the shuttle 400 ft. from the lunar surface, realizing at  that the on board navigation was leading them toward a football field sized crater full of jagged boulders and massive deviations. After overriding the system the cosmonauts landed safely a few miles away with 30 seconds of fuel left to burn.



New Technology 
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Nov. 12th . 2008 China launches the Chang’E-1 Space Shuttle to gather a new and beautiful look at the Moon and its characteristics. Using hi-resolution photography and a Laser Altimeter the Chang’E-1 was able to gather the most precise topographical surface images and textural dimensions of the lunar surface to date. Technology aboard the shuttle was precise enough to prove the Moons spherical superiority to Earths with oblateness factors of 1/963.7256 to 1/298.257. Before the Chang’E-1 countries that had taken similar attempts at Data-Capture had gathered information precise to 100 M. The recent Chinese mission returned readings from the Moons surface accurate to 30M.




Technology Aboard the Chang’E-1

China’s Chang’E-1: Stereo camera with an optical resolution of 120 m and spectrometer imager from 0.48 µm to 0.96 µm wavelength.

Laser altimeter with 1064 nm, 150 mJ laser, a range resolution of 1 m and a spot size of 300 m. 

* Imaging spectrometer 

* Gamma and X-ray spectrometer for an energy range from 0.5 to 50 keV for x-rays and 300 keV to 9 MeV for gamma rays. 

* Microwave radiometer detecting 3, 7.8, 19.35 and 37 GHz with a maximal penetration depth of 30, 20, 10, 1 m and a thermal resolution of 0.5 K. 

* High energy particle detector and two solar wind detectors capable of the detection of electrons and heavy ions up to 730 MeV. [image: image3.wmf]




New Discoveries

As new technologies are developed and higher Bandwidths are used to relay the information back from space, Data-Capture allows scientists to make new and enlightening discoveries about not only the closer objects like our Moon but farther and more sought after planets such as Mars and Venus. Using Laser Altimeters and Radar Mapping scientists have topographically mapped the clouded surface of venus and the “Red Planet” of Mars. Using these technologies scientists can better plan missions like that of the recent MGS (Mars Global Surveyor) to use this advanced Data Capture technique to gather, Surface, Atmospheric, and even Interior information. The MOLA (Mars Orbiter Laser Altimeter) paired with data from an earth orbiting satellite, allowed NASA scientists recently to discover similarities between the volcanism in the Hawaiian islands to that of Mars surface, as well as crystalized snow falling from a past storm. Discoveries like this are vital to our knowledge and discovery of life elsewhere in the solar system.
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Surface features of Venus-

Radar mapping reveals a varied terrain on the surface of Venus: mountains, plains, high plateaus, canyons, volcanoes, ridges, and impact craters. Overall, Venus looks fairly flat. Elevation differences vary little, only 2 to 3 km, except for a few highland regions. The continents rise to only some 10 km, compared to a 25-km difference on Mars and a 20-km one on the Earth. Only some 10 percent of the surface extends above 10 km. In contrast, about 30 percent of the Earth's surface rises over 10 km (from the bottom of the ocean basins). As you can see this is our classical depiction of the surface of Venus, shrouded in the vast gaseous cloud cover that hides the true surface features of the planet. Using Radar Altimeter technology we have captured the following image of Venus’ surface. This new view of the planetary surface is not only far more interesting to view but tells scientists far more about the planets history and its compositional make up.
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Seeing In Stereo   
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This photo shows a 3D view of the planetary surface of Venus using an Interferometer and Radar Altimeter or Laser Altimeter scientists are now able to view and almost interact with any planetary surface they are able to scan. Laser Scanning data are collected specifically with a technique known as interferometery that allows image data from dual radar antennas to be processed for the extraction of ground heights. As the shuttle passes over the top of the object it plans to scan, interferometer antennae are released from the side of the ship via a large boom. Once extended the Altimeter sends a pulsar signal down to the planetary surface that bounces off and travels back to the shuttle at which time the data is collected by both antennae. These signals, while more accurate in the case of a Laser Altimeter, can cut through the outer atmosphere of a planet and return data that compiles an extremely detailed 3-Dimensional picture of a planets surface features. The picture below is an illustration of how the Radar or Laser Altimeter is used to gather the data from the planets surface that scientists later use to create such stereoscopic images as the one above.
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[image: image10.png]Mars Global Surveyor
Mars Orbital Camera
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This is a photo and spec sheet for the camera onboard the Mars Global Surveyor that accompanied the (MOLA) Mars Orbiter Laser Altimeter. These two devices together captured and transmitted a staggering 2000 terabytes of information an hour while orbiting the alien world. Later the data collected took six months to compile and collect in order to produce the vast array of atmospheric, surface and interior data. 
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This is just an example of the detail of information gathered by the (MOLA)

With this new technology scientists are able to discover more about the worlds of our solar system than they ever had in previous space missions. Unmanned craft are being designed and sent farther and farther out into the reaches of space to gather vast amounts of unknown data about not only the surface details of planets but their atmospheric make-up and interiors as well. While shuttle missions like the Jason-2 are discovering new phenomena using advanced data collection over earths atmosphere. 

NASA and French scientists teamed up back 1993 to try and track the effects of global warming by measuring the increases in polar ice melt off by topographically mapping the ocean’s height. Using a Radar Altimetry scientists  tracked a mean increase in ocean height of .12 inches per year since 1993 which a very large number when compiled over time. Using these technologies we can further our knowledge and preservation of life here on earth and discover the sweet possibilities of life on other planets.[image: image12.jpg]f
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Topographic Advancements on Earth
Multi-resolution Terrain Modeling from Multi-sensor Data
The associated tools convert terrain models into voxels, store them in octress, then register the octree models to improve estimates of the relative position, and then the tools merge the models into a single virtual octree. 

Voxels- the 3D equivalent of a pixel. So, where a pixel is the smallest sample element in a 2D image, the voxel is the smallest sample element in a volume image. The word “voxel” is a combination of “volumetric” or “volume”, and “pixel”.
Octrees-  Tree data structure in which each internal node has up to eight children. Octrees are most often used to partition a three dimensional space by recursively subdividing it into eight octants. Octrees are the three-dimensional analog of quadtrees. The name is formed from oct + tree, and normally written "octree", not "octtree"
Once a terrain model is generated, typically it is converted to a polygon model for utilization by a visualization tool.   These polygon models must be multi-resolution or at the very least reflect the multi-resolution nature of the underlying data samples, in order to assist the planner. 

The multi-resolution nature of the data precludes the use of algorithms such as Marching Cubes (LORENSEN). To extract the polygon model from the octree, a more modified version of the Marching Triangles algorithm (HILTON96) was developed. (Wright, 6)

Here we see an example of a multi-resolution triangle mesh, one is shaded and the other is wireframe. 
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Wireframe
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Shaded
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Digital Terrain Model creation from Vehicle mounted RTK GPS, Gyroscopes, and Mounted Sensors
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DTM Creation (Digital Terrain Model)

DTM creation – Over the past decades, DTMs have become the foundation for almost all major production design projects throughout the world. When it is combined with analysis and design technology, it allows the user to imitate being present at the job site.
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GPS RTK (Global Positioning Satellite Real Time Kinematic)

Real Time Kinematic (RTK) satellite navigation is a technique used in land survey and in hydrographic survey based on the use of carrier phase measurements of the GPS, GLONASS and/or Galileo signals where a single reference station provides the real-time corrections of even to a centimeter level of accuracy. When referring to GPS in particular, the system is also commonly referred to as Carrier-Phase Enhancement, CPGPS. (Wikipedia)

Real-time means 25 images per second. 
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Humphre Repton, Landscape Gardener from 1752 to 1818

He used to paint a part of the landscape on cardboard which could be removed from the original painting. When the piece was moved away the proposed landscape could be seen. 
Another method, called Gyroscope, can recognize the direction and location of whatever it is tracking. 

More DTM creation methods:

Total Station and Differential Levels, Photogrammetric Data Collection, and Sensor Bar/Combined Approach

Advancement

There has been a lot of advancement for this technology within the insurance world. 
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