
Asteroid Astrometry Data Reduction Procedure 
We will send all of our (good) asteroid astrometry to the Minor Planet Center at Harvard to add to their 
database and help them improve the calculated orbit of a near-earth asteroid. 

Overview: 
1. Use MaximDL to align and median combine your three sets of images, then align and blink the three 

images to identify your asteroid…it should be the only thing moving, and it should be moving in a 
roughly straight line.   

2. Using the UCAC4 star catalog in DS9, identify and determine the RA/Dec and magnitude of 4-10 
reference stars.  

3. Use MaximDL to determine the x, y pixel values and R magnitude of each reference star.  You can 
(should!) use the same reference stars in each of your three images…but the x, y pixel values of a 
given reference star will be different in the different images 

4. Use MaximDL to determine the x, y pixel value and magnitude of your asteroid in each of your three 
images.   

5. For each of the three images, use a least squares plate reduction program to calculate the RA/Dec of 
the asteroid at the three different times 

6. Look at the header of the middle observation from each set of the unstacked images and record (and 
later report in your MPC submission .txt file) the time stamp for that middle observation (i.e. if you 
median combined 5 images, use the time stamp from the 3rd image in the set.) 

7. Submit a properly formatted .txt document that contains the necessary information for MPC 
submission.  This file should contain 2 lines per well measured asteroid position (so ideally 6 lines 
total in the .txt file).  If you couldn’t find your asteroid in one of the images, only report the position 
for the two positive identifications (4 lines total).  If you could not find your asteroid, you will choose 
a “fake” asteroid and report the position of that object in one image (2 lines total). 

8. Submit a screen shot of one of your MaximDL images with the asteroid (or fake asteroid) and stars 
that were used as reference stars marked.  Make sure to use a different symbol or size marker to 
distinguish the asteroid from a reference star. 

Notes for individual steps: 
For Step 1:  
a. Open all three sets of data.  (File > Open) 
b. Align and stack the first set.  (Process > Stack).  Delete any previous group in the left window.  Try 

sigma clip as your combine method.  Choose Normalization: None.  In the align tab, try auto - star 
matching alignment, but if that doesn’t work, use manual two star alignment.  In the align window, 
you can click through the images and remove an image from the window on the left if it has 
problems. 

c. This is a good place to save your three stacked images.  File > Batch save and convert. 
d. Align the three sets of stacked images.  (Process > Align).  Almost certainly you will have to use 

manual two star alignment. 
e. Next, animate your three aligned images to view them as a video. (View > Animate).  In the animate 

window, you can change the blink rate or flash through manually.  If you have an asteroid in your 
field of view, it will be moving in a straight line and all the stars will remain still.  
*Note: if you did not capture the asteroid in your images, for the purpose of this assignment, choose 
an object in one of the images and pretend it is the asteroid. 

For step 2:  
Go into DS9 and choose reference stars as follows: Generate a star field that has the J2000 RA/Dec from 
your JPL Horizons ephemeris list and is slightly larger than your image’s f.o.v.  You can rotate the image 
so it matches the orientation of your data with Edit > Rotate.  Add the Analysis > Catalogs > USNO 
UCAC4 catalog.  Now choose Symbol > Advanced.  
a. Under text, you can enter things you want to display on the image.  It is probably easiest to display 

the RA and DEC of the well measured stars on the image if the field isn’t too crowded.  



b. Entering the following command will do this:  RA = $RAJ2000 DEC = $DEJ2000 

c. If there are too many stars on the screen that are identified, you can put cuts on $rmag to show fewer 
stars as we did in the WWW lab activity (Under IF enter $rmag != 0&&$rmag<14 ) 

d. Tips on choosing reference stars:  
-choose stars that are neither saturated nor extremely faint  
-ideally choose between 4 and 10 stars that are spread around the asteroid like a clock face  
-if you have plenty of stars in your field to choose from, it is better to choose stars that are within a 
few arcminutes of the asteroid (ideally < 3’)  
-choose stars that don’t have a close companion (to avoid potential mis-identification and pixel 
contamination in finding the center of the star) 

e. With the Edit > Catalog cursor, if you click on a star, it will highlight that star in the catalog window. 

f. Record the J2000 RA/Dec and R magnitude (from the rmag column) of each of your reference stars 

For Step 3:  
a. In order to determine the RA/Dec of the asteroid (*or fake asteroid), you need to carefully determine 

the x,y positions of a set of the 4-10 reference stars (4 is bare minimum; the closer to 10 the better).   
b. In the Maxim DL information window (click the bullseye icon), select Mode > Aperture.  Make the 

inner circle a little bit larger than the largest star you will use as a reference star (Right click on image 
> Set Aperture Radius). 

c. Calibrate the magnitude scale by clicking the Calibrate button.  In the Magnitude field, enter the R 
magnitude of one of your reference stars.  Click the Extract From Image button and click on that 
reference star in the image.  The Magnitude value in the information window should change to being 
the value that you entered.  Hover the cursor over a few of your other reference stars to check that the 
calibration is roughly ok (within a few tenths of a magnitude). 

d. With the cursor centered over a reference star that you identified in DS9 (make SURE you identify 
the correct star!), record the Centroid information (x=…, y=…) of each reference star in each of the 
three images.  Keep as much precision as is given!   

For Step 4: 
Identify the asteroid in your three (or two) images and use the same technique as in Step 3 to determine 
and record the centroid position of the asteroid (*or fake asteroid) to as high precision as reported.  Also 
record the (R) Magnitude from the information window. 

For Step 5:  
Head to http://www.phys.vt.edu/~jhs/SIP/astrometrycalc.html and for each of your three combined 
observations, enter the RA/Dec & x/y values for each of your reference stars to the same decimal 
precision that Maxim DL provided.  Enter the x/y pixel position of your asteroid.  When you push 
calculate, the program will tell you the “Resulting RA Dec of object” to RIDICULOUS precision.  You 
should only report the hundredths place in the number of RA seconds and the tenths place in the number 
of Dec arcseconds.  Repeat for your other two (or one) images. 

For step 6: 
In MaximDL: View > FITS Header Window. Look for the DATE_OBS. 

For step 7: 
Look at the information on submission format posted on this page:  
http://www.minorplanetcenter.net/iau/info/OpticalObs.html 
Because we are not a MPC designated observatory yet, we have some additional recordkeeping to do: 
http://www.minorplanetcenter.net/iau/info/RovingObs.html 

http://www.phys.vt.edu/~jhs/SIP/astrometrycalc.html
http://www.minorplanetcenter.net/iau/info/OpticalObs.html
http://www.minorplanetcenter.net/iau/info/RovingObs.html


So for each of your three observations, you will have to submit two lines of information. 
I also encourage you to read the more general info on astrometry from the MPC: 
http://www.minorplanetcenter.net/iau/info/Astrometry.html 

The MPC format is a historical format that goes back to the day of telegrams and computer punch cards. 
You will need to prepare a text file that has the right information in the right column for each of your 
three observations.  Because we do not have an observatory code, we will need to submit 2 lines per 
observation.  (so your .txt file will have up to 6 lines total).  The class’ observations will be compiled and 
submitted to MPC as a batch. 

For proper formatting of information, you must go to the first and second MPC links above. 
Some additional notes on the columns for the first line to be submitted for each observation: 
1-5: Minor planet number. 
6-12: Leave these columns blank because our asteroid has an official MPC designation 
13: Blank 
14: K (if you measured using a stacked image), else Blank 
15: V (because we are not yet an MPC designated observatory) 
16-32: Date and UTC time of mid-point of the observation. The format is  
"YYYY MM DD.dddddd” 
33-44: RA in sexagesimal hours, J2000 coordinates.  
45-56: Dec in sexagesimal degrees, J2000 coordinates. 
57-65: Blank 
66-69: Magnitude.  The format is ##.# 
70: Blank 
71: filter that the magnitude is being reported in.  For us, this will be ‘R’ 
72-77: Blank 
78-80: Observatory code… “247” for undesignated observatory 

Some notes on the columns for the second line to be submitted for each observation: 
1-14: Identical to first line 
15: V (because we are not yet an MPC designated observatory) 
16-32: Identical to first line 
33: The number 1 
34: Blank 
35-44: longitude of telescope to 3 decimal places (use google maps).  Add 360 for west longitudes to get a 
number between 0 and 360 degrees. (see MPC link for formatting) 
45: Blank 
46-55 latitude to 3 decimal places (use google maps).  See MPC link for formatting. 
56: Blank 
57-61: Altitude (see MPC link for formatting) 
62-77: Blank 
78-80: 247 (because we do not have a designated observatory code.) 

For Step 8: 
In Maxim DL: Edit > annotate.  I recommend putting small circles around your reference stars and a big 
circle around your asteroid.  You can also include text if you wish (such as RA/Dec of the reference stars, 
etc.)

http://www.minorplanetcenter.net/iau/info/Astrometry.html

