Instructions for Stacking Using Astrometrica

NEO Confirmation Search

September 2008

Background and Information


An NEO confirmation search is a whole different process than a search for new asteroids.  The procedural differences are the main point of this instruction manual, but before beginning the campaign, it is important to clearly understand the goals of the search.  

Most importantly: You are NOT looking for new asteroids.  While new asteroids may be discovered in this process, the real goal here is to confirm the location of certain asteroids that NASA thinks may be hazardous to Earth.  Images you will analyze will be taken of areas of the sky that NASA thinks may contain a potentially dangerous asteroid.  We need to know exactly where those near-Earth objects (NEOs) are, so that we can plot the orbits to high precision.  In all seriousness, your work here will help determine which NEOs are dangerous to Earth, and which are not, possibly providing enough of a warning to avert a worldwide disaster.

That said, there is a good possibility that you will discover new asteroids.   We will still report these to the Minor Planet Center, and your students will receive credit for any discoveries, but this is a secondary objective.
Automated & Manual Searches

· When you have nine or more images in a set, as will most likely be the case in NEO confirmations, you need to analyze the images somewhat different than done in the IASC Asteroid Search Campaign.
The following shows 10 images for an NEO confirmation.  In Astrometrica, highlight and open three images as shown: 
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· Run the automated search (moving object utility).  When completed, copy any data into an MPC report.  Go to “File” and select “Reset files” once you have copied the data into the report to clear the data currently saved in Astrometrica (i.e., only new data will be stored in the MPC report).  Leave the analyzed images open.   Click known object overlay.

Basic Stacking
Once you have preformed the automated search (moving object utility), you may need to stack certain image sets to find all the asteroids.  Stacking is done using Astrometrica.  It combines the light from multiple images into one composite image, thus enhancing fainter objects.  This technique is used with large image sets of nine or more images:  
· Open a second copy of Astrometrica for this process.
· In the second copy, select the stack images icon in the tool bar. [image: image2.png]



Click “Add” and select the first third of the images in the set.  Click “Open,” and click “OK.”  Keep clicking “OK” until the stack is finished.
Note:  In order to align the images for a stack, Astrometrica will try to “fit” you image to known star databases.  Sometimes during this process, the program will not automatically reach a 3rd order matching fit.  In that case, a screen appears.  Select the middle option, “automatic reference star match using” until a fit is found.  Sometimes this process has to be repeated several times on a given image set.
· Make two additional stacks using the middle third and last third of the images in the image set.

· Select the known object overlay and conduct a manual search (blinker utility).
· Add any new objects to the MPC report.  Note that the automated search may have already found some of the objects, in which case do not report them a second time.
Advanced Stacking:  Stack & Track
Even with a basic stack, the asteroid or NEO that you seek may not be identified.  In this is the case, advanced stacking is need (i.e., stack and track).  This process shifts images as it stacks them, so that the stack will follow the asteroid’s movement across the sky.  The stars in the image, which would otherwise appear fixed, are streaked as Astrometrica follows the moving object, which is not streaked.
· Close your basic stacks.

· Go to the Astormetrica with the regular, un-stacked images.  The images should have several red boxes with asteroid names underneath from the “Known Object Overlay” you performed earlier.  Some of these red boxes will have asteroids nearby, while in some cases the asteroid may be to dim to see.  Click on a red box that indicates an asteroid you are unable to see.  Astrometrica will give you the asteroid identification screen.  Click the “…” under object verification and accept.  Copy the name that appears in the right hand white box, just left of the “…”.  This is the object being sought.
· In the second copy of Astrometrica, click the Stack Button.  Select the first third of the images in the set.  .  Prior to clicking “OK” on the final window, click “…” under “Object.”
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· Paste the object name into the lower right hand window as shown.  Click on the magnifying glass.
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· Click “OK”.  Click “OK” a second time.  Astrometrica has calculated the speed and position angle of the asteroid being sought, and placed that information in the speed and PA boxes.  
Note:  For a basic stack, the speed and PA boxes are set to 0.  For an advanced stack (i.e., stack and track) the calculated values of the speed and PA are used. 
[image: image5.png]Coordinates, Tracking and Stacking

Object Object Motion (03:12:47 UT).
Right Ascension P.A [2953

Declination @ add O Ayeiage

[ e e € Median
© Moth @ Souh oK Cancel





Astrometrica maintains the speed and PA from previous stacks, so when building the other two stacks for the same asteroid, there is no need to recalculate the speed and PA.
· Perform a manual, deep image search using the three stacks.  Look specifically for the asteroid being sought.  The asteroid may not be in the box, but typically is nearby.  Add the new data from the stack to the MPC report.
· Should there be other objects not seen in the basic stack, repeat the above advanced stacking for each object.  Typically in NEO confirmations there are no other objects being sought except the NEO being confirmed.
· Email the MPC report directly to the Astronomical Research Institute ari@mchsi.com with a copy to Hardin-Simmons University pmiller@hsutx.edu.

Additional Notes on the Processing of NEO Image Sets
Harlan Devore, Cape Fear High School (Fayetteville, NC)
 Confirmation images are for newly discovered NEOs and comets.  The MPC has just enough information from the discovery measurements to predict where the object will be for the next few days.  They post an ephemeris for these objects on their webpage.   

Bob Holmes uses this to determine their likely location at the time he images.  When he uploads confirmation images, he also uploads a text file that includes the magnitude of the object, its speed in arc sec/min and the direction it is moving (position angle) in degrees.  The speed and position angle are usually necessary to successfully recover the dimmer NEOs.

Here is how we analyze a confirmation image set:   

1)
We upload five or six individual images from the set.  We try to select the images to upload so they are evenly spaced throughout the set.  If there are 18 images, we upload every third image; if there are 24, we load every fourth image. This helps us detect motion in really slow moving asteroids.  

2)
We then have Astrometrica do the astrometry and an automated moving object search.  (Note:  The automated object search only works with single images and only with six or fewer images at a time.)  

3)
Next we have Astrometrica do a known object overlay.  From the known objects, we take measurements for NEOs that have good profiles (signal to noise ratios, Gaussian plots, and are well differentiated visually).  For those that are too dim or diffuse, we click on them, check the object list, and write down the object name, magnitude, speed, and PA in our log books.  We will later come back and try to recover them using Stack & Track.

4)
Next, we do a manual search of the images, looking for new asteroids or NEOs.  Again, any new asteroids are measured.

5)
Now, we dump all of the images, then click the Stack & Track icon.  We click the Add button, then select the first third of the image sets to create the first stack.  When the last image is loaded, we enter the speed and PA for the object from Bob's text file.  After Astrometrica completes astrometry and alignment for the first stack, we repeat the procedure for the second and third stack.  

6)
Next, we create the known object overlay, then blink the stacked image set.  For the 24" telescope, the target object will normally be located in the right half of the image, fairly near the middle.  Stack & Track works on relative motion: 

As Astrometrica creates the stacks, it shifts each image in the direction of the PA and by an amount equal to the speed x the time between images.  This creates the effect that within any stack, the target object is stationary, and the stars are moving past it.  Thus, all of the pixel counts for the target in all of the images from a stack get added into just a few pixels, and all of the stars get spread out into streaks.  As the image stacks are blinked, the target will appear as three dots moving in a line and all of the stars will be parallel streaks.  Any asteroids that are moving at a different angle will also appear as three streaks, but they will not be parallel to the star streaks.  Measure the target object if you find it, but do not take measurements for other asteroids at this time unless they have fairly similar speeds and PA as compared with the target.

7)
Next, dump the stacks.  Click Stack & Track again.  Again, create three stacks of images, but this time enter the speed as 0.0"/min and the PA as 0.0 degrees.  Create a known object overlay and blink the stacked images.  Do a manual search for new asteroids (or look for streaks that might be the target NEO if you did not find it in the previous step).

8)
Next, check the file header and record the RA and Dec for the image center.  Get the date-time for the first image (usually from one of the measurements already made for this image set).  Go to the MP Checker website, enter the RA and Dec and date-time.  Set observatory to H55 and ask for any object brighter than 22.8 within 25 arc min radius.  It will give you a list of all known asteroids, NEOs, and comets in the area.  You can now check this against the ones already measured and the ones in the log book to see which ones are needed by the MPC.  

9)
If some of the objects in the known object overlay are needed by the MPC, use the Stack & Track function to set up stacks with the appropriate speed and PA for these objects.  When you forward your MPC report to IASC or ARI, it is really helpful to Bob if you will copy and paste the MPC information into your report for these objects that were not the original target.  We also provide Bob with a summary of how each object was measured and our assessment of how good the measurements were.  EX:   Image 2007 GA13:   S&T w/ speed and PA, 3 stacks of 7 images.  SNR 4.4-5.2.  First data point manual centroid (near star).  Stack 2 and 3 measurements very good.

Finally, some tricks we have learned:   

· If the target is still too dim or does not give a good SN ratio, try two stacks instead of three. 

· It is also possible to overlap images in stacks – reuse the last few images at the end of the first stack as the first images in the second stack.
· If the target merges with a star in a stack, try discarding the images where it is closest to the star, then rearrange the stacks as needed.  
· Sometimes SNR is poor because of one or two bad images.  Discarding these images from the stack may improve measurements even with fewer images.
· Can't get images to accept astrometry?  Put the image set in a separate folder and use CCDSoft's Image/Align folder of images function to align them first.

