Irregular Body Support in ISIS
I am a CO-I with P-I Vishnu Reddy (PSI) and others on a four year PMDAP Hayabusa proposal.  The proposed work includes creation of controlled color maps of images acquired by the AMICA framing camera of the small, highly irregularly shaped, S-type asteroid 25143 Itokawa (http://en.wikipedia.org/wiki/25143_Itokawa). These products will be used to compare with spectra acquired by the NIRS instrument and archived with the PDS. In order to complete this work, ISIS must provide support for mapping of these types of bodies.

I have complete ingestion of the image data and a camera model for the AMICA framing camera that was on board the Japanese spacecraft Hayabusa (http://en.wikipedia.org/wiki/Hayabusa_(spacecraft) and http://www.isas.jaxa.jp/e/enterp/missions/hayabusa/index.shtml).  Work is now ongoing for mapping support in ISIS for irregular (and regular) bodies that have DEMs.
Regular/Irregular Shape/DEM ISIS Support Plan
I am using NAIF's Digital Shape Kernel (DSK) subsystem to implement this capability. It is important to understand this may not be our permanent solution, but it is likely the best option forward. Please read the announcement here: http://naif.jpl.nasa.gov/pipermail/spice_announce/2010-July/000080.html.  Important thing to note is the API description completely provides all the capability we need.  For the limited resources on my projects (MESSENGER and Hayabusa), this solution is the most cost effective and comprehensive.

First needed in ISIS is the implementation of the NAIF DSK DEM format ShapeModel class. This class provides direct access to a NAIF DSK shape file containing a triangular plate shape model of a body, ray intersection, illumination and geometric angles, among other things. That is what I am currently working on. 

The current design also provides direct instantiation of a C++ object that utilizes the DSK DEM file so that we can do at least two additional things:  1) create ISIS DEMs from the DSK format and 2) perform limb studies using the ray intersection functionality.  Current support includes concurrent access/sharing of the same DSK file and thread-safe methods within a main application.

The only thing needed by users to utilize this new model is to provide their DEMs in DSK format.  Therefore, the second thing we need is a way to create DSKs from existing DEMs and/or point clouds.

To provide this capability, we need an application that provides triangular plate data in the format required by the MKDSK NAIF utility program from our data and other forms if possible.  This new application would convert our jigsaw point clouds and existing DEMs to DSK format so they too could benefit by the ISIS/DSK ShapeModel.  My intent is to use the CGAL library (http://www.cgal.org/) to convert our data and investigate alternative, more complex/robust solutions should DSK prove inadequate.  What intrigues me about this library is that it supports exact computational geometry (http://doc.cgal.org/latest/Kernel_23/index.html#Section_7.2.6) - double precision floating point is inexact, which we use. I intent to use the Natural Neighbor interpolation algorithm (http://doc.cgal.org/latest/Interpolation/index.html#Chapter_2D_and_Surface_Function_Interpolation) to create DSK input data and explore more advance techniques beyond DSK. Note: understanding and applying this library does have a steep learning curve, exact computations are potentially way more costly than is acceptable and individual algorithms themselves may be costly - however coding a particular solution appears to require only minimal effort - if you understand it.

Hayabusa's target Itokawa already has a very nice Gaskell DEM (http://darts.isas.jaxa.jp/planet/project/hayabusa/shape.pl) we need to use.  This file is in NAIF DSK format and the ISIS implementation of the DSK ray intersection routines will be applied. Gaskell also provides a data set of many geometric parameters (http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSSB-00522) at every pixel for most of the Itokawa images providing direct validation our DSK implementation. My PMDAP Hayabusa project adds two new projections (Transverse Cylindrical and Transverse Azimuthal) that are good for mapping irregular bodies. Success here provides examples for our potential small-body customers.

[bookmark: _GoBack]We are about to produce our first global DEM for Mercury derived from control/jigsaw processes (http://www.hou.usra.edu/meetings/lpsc2014/pdf/2243.pdf).  I intend to make a direct triangular shape (3D Delaunay/Voronoi diagrams) for natural neighbor interpolation using CGAL.  With this data we create a DSK file of our global point cloud.  From the DSK, we can create any ISIS projected DEM with angle backplanes, etc...(I already have the dsk2isis app working to create projected ISIS DEM cubes).  This provides us a way to do side-by-side (efficiency, accuracy, etc...) comparisons of both shape model formats for a single relatively well behaved body (Mercury). NAIF might like to see this comparison as well.

Vesta also has a Gaskell DSK DEM that we can quickly use to determine if it resolves our existing projection problems (http://isis.astrogeology.usgs.gov/IsisSupport/index.php/topic,3527.msg13828.html#msg13828) on small irregular bodies. We will be better prepared when Dawn reaches Ceres.

Here are tasks I could use help on:

1) Installation of the NAIF DSK and CGAL libraries and applications on all ISIS development machines. (1 -2 PP)

2) Someone to start investigating conversions of point clouds (CGAL) to triangular plate model format. (1 - 2 PP)

3) Assistance with creating state-less, thread-safe implementations of these classes. (1 - 2 PP)

4) Potential improvements/enhancements to ShapeModelFactory and ShapeModel classes. (1 - 2 PP)

Total: 4 - 8 PP

The low estimate is for my time.  The high end of the estimates includes the efforts of others.

We could also discuss ways to start on the projections and consider other projections for these types of bodies.
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