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ABSTRACT

With an ever increasing number of databases of digital sky survey images, data mining has become an intense field of study yielding significant results.  Data-mining projects have led to the discovery of unknown minor planets as well as the detection of their relative positions to our planet.  However, the lack of inexpensive technology and software in the past has hindered large scale implementation of research by high school students.  That appears to have changed.  In this study a student at Oil City High School conducting astronomical data mining research has provided the Minor Planet Center with data for one known and two unknown minor planets. 

INTRODUCTION

With numerous digital sky surveys across a range of wavelengths, with many terabytes of data and with billions of detected sources, astronomy has suddenly become an immensely data-rich field. (Brunner 2002, et al)  Large digital surveys and archives are now becoming the principal sources of data for astronomy. (Djorgovski 2002)  These data archives are being made available to students and amateur astronomers world wide via the Internet. (Spuck 2005)  Data-mining of digital libraries for astronomy enables scientists and students anywhere to systematically map the universe in a panchromatic manner. (Brunner 2002)  

One such case is in the detection of asteroids.  An asteroid is a small rocky or metallic object that orbits the Sun but is too small to be considered a planet. Hence, asteroids are also known as minor planets. (www.solarviews.com 2005) Images obtained from the Berkeley National Lab’s Supernova Cosmology Project are shared with Hands-On-Universe (HOU) classes so that students have the opportunity to conduct data-mining projects.  The goal of participating students is to discover minor planet bodies, and make long term contributions to science.  By accessing these images, three high school students at Northfield Mount Herman School in Northfield, Massachusetts discovered one of the first 100 known Kuiper Belt Objects.  (Sincell 2001)  This 1998 discovery however required the use of powerful computers at Lawrence Berkeley National Labs to acquire accurate position and brightness data. (Spuck 2005) Many other asteroids can be identified in the image data sets.  The importance of conducting studies to find minor planets through data-mining is to provide scientists with the necessary data to analyze the orbits of known and unknown minor planets, and determine if there exists the threat of a collision with Earth.

The purpose of this study is to determine if high school students with access to astronomical data archives and data analysis software can make useful contributions to the study of minor planets.  I believe with the availability of new technology and software, high school students can make this type of contribution.  

OBSERVATION AND DATA REDUCTION

NOTE: Prior to beginning this study, the Guide to Minor Body Astrometry, (http://cfa-www.harvard.edu), was reviewed.

To begin an asteroid search, software capable of processing large (8 MB) images is needed.  In this study, MaxIm DL Version 4.11 was used with a Hewlett-Packard HP dc5000, Intel Pentium 4-2.8 GHZ computer with 504 MB of RAM running Windows XP Pro Version 2002.  The MaxIm DL software enables the user to compare batch images, identify sky positions, and calibrate the appearance of the images for visual inspection.  For more information about MaxIm DL software, visit http://www.cyanogen.com.  In addition, MaxIm DL is compatible with PinPoint Astrometry.  PinPoint is used for precise position measurements or astrometry.  It works by matching stars from a known catalog with those in the image.  For more information about PinPoint Astrometry, visit http://pinpoint.dc3.com.  This particular study was conducted using PinPoint Astrometry and the USNO-A2 star catalog in conjunction with MaxIm DL.  The online USNO A2 all-sky catalog was produced by the United States Naval Observatory with the Precise Measurement Machine Project.  (http://www.nofs.navy.mil/ 2005)

The images used in this study were from the Hands-On Universe Asteroid Search, now housed at the Lawrence Hall of Science (http://hou.lbl.gov/participant/asteroid/).  A tutorial section as well as a Download Images section is available for review and more specific instructions.  Images used in this study were from the Big Throughput Camera, (BTC), March 1998 data set.  The BTC Images were captured using the Cerro Tololo Inter-American Observatory (CTIO) Blanco 4 Meter telescope and the BTC Charge Couple Device system in March of 1998.  These images were initially used for the Supernovae Cosmology Project at the University of California’s Lawrence Berkeley National Lab. (http://hou.lbl.gov 2005).  All of the images were taken using the R band filter.  This study used data sets containing 3 full-field images of the same patch of sky, taken at different times throughout the course of a single night.   Although images of the same minor planet candidate over the course of two or three nights are preferred, multiple positions in a single night may be useful in the refinement of known minor planets. (http://cfa-www.harvard.edu 2005) 

HOU Asteroid Search images used in this study were:

134300+0142_980323_0707Rctio.fts

134300+0143_980323_0836Rctio.fts

134300+0143_980323_0925Rctio.fts.

The three images were opened using MaxIm DL.  It is important to note that before opening the images, the file setting must be set to “Add Offset to Make Positive.”  This is done by clicking “File” on the menu bar, dropping down to select “Settings”, and then clicking on the “General” tab. Ensure that the “Add Offset to Make Positive” option has been selected.  With the three images open, brightness and contrast was adjusted for each image using the “Screen Stretch” function. Each image should be adjusted until the background is a medium gray or until faint stars are visible in the background. (See the images below for examples.) Using MaxIm DL the three images were aligned and blinked.  This allowed for the identification of moving targets, (possible minor planets), in the images.  Once a moving target was identified, the X and Y positions of the target in each image were recorded.  
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Date:  03:23:98

Date:  03:23:98


 Date:  03:23:98

UT:  07:07:40.4

UT:  08:36:57.3


 UT:  09:25:10.2

Above:  These images were taken of the same sky position the same night, within minutes of each other.  Notice the changing positions of the targeted asteroid in relation to the surrounding stars.



PinPoint Astrometry was then applied to each image.  PinPoint Astrometry used the USNO-A2 star catalog to generate a RA and DEC overlay, and calibrate magnitude for objects in the image.  If however, the magnitude for a moving target was not recognized by PinPoint Astrometry, three reference stars identified by PinPoint were randomly selected by the data-miner and an average magnitude was calculated using the following equation:

Asteroid mred = 2.512 * LOG (Rstar Brightness/Tobj Brightness) + mred of Rstar 

mred –  R magnitude

Rstar –  reference star

Tobj –  target object.

Using Pin Point Astrometry, the user is able to process the RA and DEC positional data of the reference stars.  The PinPoint Astrometry positions were verified using SkyView Observatory and USNO A2 overlays.  (http://skyview.gsfc.nasa.gov 2005).  The data was also confirmed by my instructor, Mr. Tim Spuck.

Once the data has been verified through a published star catalog and an experienced instructor, the researcher may then submit the data to the Minor Planet Center via e-mail to mpc@harvard.edu.  The Minor Planet Center requires a specific format regarding observation reports.  The following documents should be read before proceeding with data submission:  

1. Guide to Minor Body Astrometry, Format for Optical Astrometric Observations of Comets, and Minor Planets and Natural Satellites.  (http://cfa-www.harvard.com 2005).

2. Examples of Observations.  (http://cfa-www.harvard.edu/iau/info/ObExamples 2005). 

3. Specifying Telescope Details in the Observational Header.  (://cfa-www.harvard.edu/iau/info/TelescopeDetails.html 2005).

4. List of Observatory Codes.  (http://cfa-www.harvard.edu/iau/info/lists/ObsCodes.html 2005).

5.  Format for Optical Astrometric Observations of Comets, Minor Planets, and Natural Satellites.  (http://cfa-www.hardvard.edu/iau/info/OpticalObs.html).

An observatory code is required to successfully submit the data obtained from the data mining projects. The observatory code for the CTIO 4 meter telescope is 807.  Details for the observatory codes of other observing sites can be accessed through the Minor Planet Center.  Data for this study was submitted to mpc@cfa.harvard.edu on January 27, 2006 and the MPC confirmation was received January 31, 2006.

ANALYSIS AND RESULTS

The following was submitted to the minor planet center on January 27, 2006.

COD 807

MEA B. Morelli, T. Spuck

TEL 3.965-m telescope CTIO + CCD

NET USNO-A2

ACK Batch 1 Oil City January 27_2006

     Object ID
  Date
    Time               RA              DEC                 m
  COD
     98BRE01* C1998 03 23.30047 13 43 53.57 +01 37 18.3          15.2 R      807

     98BRE01   C1998 03 23.36247 13 43 50.52 +01 37 31.6          14.9 R      807

     98BRE01   C1998 03 23.39595 13 43 48.87 +01 37 39.1          14.8 R      807

     98BRE02* C1998 03 23.30047 13 43 49.53 +01 38 49.0          20.8 R      807

     98BRE02   C1998 03 23.36247 13 43 46.69 +01 39 12.3          20.6 R      807

     98BRE02   C1998 03 23.39595 13 43 45.13 +01 39 25.5          20.7 R      807

     98BRE03* C1998 03 23.36247 13 44 06.09 +01 44 37.6          21.1 R      807

     98BRE03   C1998 03 23.39595 13 44 04.79 +01 44 52.6          21.2 R      807

Key for abbreviations:

COD – Observatory code given to the observatory/telescope used in the observation.

MEA – Observer(s)

TEL   – Size and description of telescope used to obtain the selected images.

NET  – Star catalog used in conjunction with the study. 

ACK – Unique identifier assigned by the observer.

DISCUSSION

These results appear in the March 5, 2006 Minor Planet Circulars Supplement 165295, and the March 14, 2006 Minor Planet Circular 56160. This study demonstrates that high school students can make a significant contribution to the scientific community by conducting data mining projects.  Further, the research supports indications from previous studies, (Sincel 2001), that students with the proper technology, training, software, and support can make contributions to the field of professional astronomy.  

We agree that the progressive and relevant increase in knowledge in the field of minor planet bodies and their orbital patterns can be greatly benefited by the diligent efforts of high school students and amateur astronomers.  The data mining conducted in this study was limited to the review of less than 20 images.  We feel that with increased availability of images and technology, the process of data mining by high school students can be improved.  Future studies involving this particular image data set may benefit from predicting where the asteroid might be the following night, and then seeing if images of that particular field are available within the data set.  This would produce more meaningful data in the future.  
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