Using the “CCD Soft Measuring Engine”

1. Open CCDSoft.

2. Open your observation file (your “plate”).

3.  Make sure that you have the correct time on your file. The exact time is under  VIEW / FILE INFORMATION

4. THIS STEP ONLY CHANGES THE WAY THE IMAGE LOOKS, NOT THE NUMBER OF PHOTONS PER PIXEL.  Its importance: It helps you identify reference stars. If your image has ‘gunk’ (ring, bright pixels from moon light etc. that make it hard to see at least 15 potential reference stars without confusing them with noise):

· Go to IMAGE / SHARPEN / Richardson-Lucy
/  and enter 0.7 for Sigma,  2 for Numbers of Iterations, 5 for Kernel size. 

· You may try different variations on these numbers if your image does not improve significantly. 

· Another good way to better the image is to right-click on the image and select HISTOGRAM. You may choose “WEAK” and “Adaptive” in the Histogram window, and change the two numbers so that you see the stars more clearly. 

5. If you knew the frequency of those photons (you do, roughly; the visible range is fairly narrow), you could find how much energy hit every pixel in the time of exposure. That energy is equal to the number of photons ( the energy of each photon, which is given by E = h(,

· Click on the cleaned (or original) image. 

· Click on VIEW /CURSOR INFORMATION. A window should open with information.

· Move the cursor across the image to see the x,y coordinates. (0,0) should be on the top left and (1280, 1024) on the bottom right. These are your coordinates, similar to the measuring engine coordinates. There is an added benefit, though: you should be able to see the number of photons accumulated in each pixel in the bottom left of the window next to the word “Value”. 

(This is not an exact representation because there is a complicated response matrix, but the idea holds.)

6. Finding 7 good reference stars: Look at the stars in the field of view and compare them to the same field of view on “The Sky6” software: 

· Keep CCDSoft open, and open The Sky6 in another window. 

· Click DATA / TIME. Make sure that the “STOP TIME” button is pressed (in between the buttons that look like FF and REWIND), and set the time to the time of your observation.

· Click ORIENTATION / MOVE TO and enter the RA and Dec of your asteroid. 

· Click ORIENTATION / ZOOM TO/ TELESCOPE 1o. You can now go back to CCDSoft. 

· You should be able to see the same pattern in the CCD image as you do in “The Sky6”. If you want to add/subtract stars and other stellar objects (but not YOUR asteroid, please) go to: VIEW/DISPLAY EXPLORER/ + STELLAR+STAR, click on DISPLAY PROPERTIES (or STELLAR OPTIONS) and change the magnitudes (or the contrast, etc.). 

· Once you recognize a star, write down its RA and Dec from “The Sky6”. 

· The X,Y coordinates  are chosen differently from the way they are chosen on the engine: You scan with the mouse along both the X and Y coordinates and find the coordinates where number of photons counts is a maximum.  Don’t forget that you can always zoom in, so that you don’t have to struggle with very fine mouse movements.  Write down the X,Y coordinates where the maximum is in the table below under “X/Y Coord before centroid”.

7. Make sure you have the right reference stars by checking on their magnitude: 

· Choose a star you are confident you have identified on both “The Sky6” and the image. 

· Find its magnitude on “The Sky6”. 

· Use it for baseline magnitude: Click the *! icon on the top panel on its bottom right, click on the chosen star and enter its magnitude from “The Sky6”. You can now find the magnitudes of all stars in the field of view: Click on the *? icon, and then on a star in the field of view to get that star’s magnitude. 

· Comparing the magnitude to the magnitude in “The Sky6” helps verify your choice.

8. Get the names and 2000 coordinates of the chosen stars from “The Sky6”, but check them with SIMBAD http://simbad.u-strasbg.fr/simbad/ (You will need proper motion from SIMBAD). Get proper motion from SIMBAD, and correct to 2009.5 coordinates, as you do with regular film plates. If you cannot find certain stars in SIMBAD, try the Navy/Military site you use to obtain star fields for CCD observations.  NOTE: UNLIKE THE CASE WITH THE FILMS, THE WHOLE FIELD OF VIEW IN THE CCD IMAGE IS GOOD FOR REFERENCE STARS EXCEPT FOR THE CORNERS. THE STARS SHOULD BE EVENLY DISTRIBUTED THROUGHOUT THE IMAGE.

9. Finding the centroid: In step 7 you found the pixel in which the number of photons from the star was the largest. Since the field of view is approximately 20’ x 19’, and there are 1280x1024 pixels, each pixel corresponds to 1.” (You can calculate the exact field of view by noting that the chip size is 20.5 x 16.4 mm, the telescope aperture is 14”, and it is an f/10)  We can do one sig fig better than that! 

· Look at the eight pixels around the pixel with maximum flux. 

· Perform a weighted average for these nine points. This is the SAME IDEA as for the center of mass calculation: 

· [image: image1.png]


RCM= MiRi / Mi, with: XC=NiXi / Ni and YC= NiYi / Ni    Here Ni is the value of the nth pixel.

· To calculate you may use a calculator, or write a program in VPython or excel that reads x,y coordinates of the max flux and the 9 values Ni and calculates the centroid.
· (This is not the traditional centroid method. Usually there is a software that fits a Gaussian shape function to the above N(x,y) and uses a minimum square routine to find the center. This method is actually a center-of-mass calculation that yields results of increasing accuracy with increasing number of pixels – as long as there is no other star on a nearby pixel.).

…AND OF COURSE: This is just the beginning. The final asteroid RA and Dec will come from the LSPR program you wrote earlier!
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