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Brief Minor Planet Center History

After WWII, the IAU established 
the Minor Planet Center 

at the Cincinnati
Observatory in 1947.

Initial task:
Recovering all the lost minor planets

Of 1564 numbered objects (i.e. with good orbits),
30% were lost.

The MPC moved to the Smithsonian Astrophysical Observatory (SAO) in 1978.

The last two lost numbered asteroids
(878) Mildred, discovered in 1916 and rediscovered in 1991; and

(719) Albert, discovered in 1911 and rediscovered in 2000,
were identified by Gareth Williams (MPC).



Ancient MPC Data Processing System
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ITF 
Obs
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Galache et al (2015)



MOTIVATION

Congressional Mandates Regarding
Potentially Hazardous Asteroids (PHAs)

1998:  Find 90% of PHAs with D > 1km.  (Achieved in 2010.)

2006:  Find 90% of PHAs with D > 140m by the end of 2020.

Budget to support NEO surveys is growing

        $4 M in 2010
      $20 M in 2012
      $40 M in 2014
      $50 M in 2016

PHA Criteria:

• q < 1.3 au
• MOID < 0.05 au
• H < 22 ( D > 140m for 0.14 albedo)



Chelyabinsk, 15 February 2013
By Alex Alishevskikh - Flickr: Meteor trace, CC BY-SA 2.0, 
https://commons.wikimedia.org/w/index.php?curid=24726667



2012 TC4

NEOWISE

Pan-STARRS

ATLAS Catalina Sky Survey

ZTF

Spacewatch
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2012 TC4

NASA/JPL-Caltech/CSS-Univ. of Arizona

2014 AA

Discovered 1 Jan 2014
by Catalina Sky Survey
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Large Synoptic Survey Telescope NEOCam



MPC Overview

•Hosted by the Smithsonian Astrophysical Observatory (SAO) 
at the Harvard-Smithsonian Center for Astrophysics (CfA).

•Granted authority by the International Astronomical Union 
(IAU).

•Functional sub-node of the Small Bodies Node of the NASA 
Planetary Data System.
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•  Funded 100% by NASA since 
2008, via grants through 2017, 
now through a Cooperative 
Agreement via a sub-award from 
University of Maryland (PI Gerbs 
Bauer). SBN is responsible for 
oversight of the award.

•  Growing to 10 FTEs + 
Equipment + Travel.



MPC Organization

JPL Center
for NEO
Studies

(Chodas)

MPC

G Williams
Astronomer

P Veres
Astronomer

M Payne
Project Scientist

M Rudenko
IT Specialist

D Bell
IT Specialist

MPC Director
Holman

SSP Assoc. Director

CfA Director

NASA Planetary Defense
Coordination Office

(Johnson, NASA HQ)

SAO

D Hernandez
MPC Fellow

Small Bodies Node
(Bauer, UMD)

NASA Near Earth Object 
Observation Program Manager

(Fast, NASA HQ)

The MPC is hiring: 
https://www.cfa.harvard.edu/hr/postings/18-62.html



• Process ~2 millions new observations per month. The current MPC 
database holds ~175 million observations.

• Identify candidate NEOs in real time, from a stream of observations 
composed mostly of Main Belt Asteroids.

• Maintain the NEO Confirmation Page (NEOCP) to facilitate 
coordination of NEO follow-up observations.

•  Warn of NEOs coming within 6 Earth-radii within next 6 months. 

• Provide access to a database of ~800,000 objects with known orbits.

• Archive data with the Small Bodies Node of the NASA Planetary Data 
System.
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MPC Roles and Responsibilities



MPC Operations:

How does the MPC do what it does?
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Typical Sequence of Events

1. Receive astrometry, carry out sanity checks, and archive the data.

2. If the observations correspond to a known object, natural or artificial, 
process later in background.

3. If object flagged as a possible NEO, or the location and motion suggest an 
NEO, post on NEO Confirmation Page.

4. Otherwise, into the Isolated Tracklet File (ITF).

5. NEO Confirmation Page entry is updated as new observations arrive, until 
enough data are available for a Minor Planet Electronic Circular (MPEC).
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Receive Astrometry, Carry out Sanity Checks, and Archive Data
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MPC1992 format

Data reported in ‘tracklets’ of 2+ astrometric observations

Each 80-character line represents an astrometric 
observation

Header includes observer details

Subject line can indicate possible NEOs
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Astrometry Data Exchange Standard (ADES) format
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Typical Sequence of Events

1. Receive astrometry, carry out sanity checks, and archive the data

2. If the observations correspond to a known object, natural or artificial, 
process later in the background.

3. If object flagged as a possible NEO, or the location and motion suggest an 
NEO, post on NEO Confirmation Page.

4. Otherwise, into the Isolated Tracklet File (ITF).

5. NEO Confirmation Page entry is updated as new observations arrive, until 
enough data are available for a Minor Planet Electronic Circular (MPEC).
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Typical Sequence of Events

1. Receive astrometry, carry out sanity checks, and archive the data

2. If the observations correspond to a known object, natural or artificial, 
process later in the background.   This is true of ~90% of the 
observations.

3. If object flagged as a possible NEO, or the location and motion suggest an 
NEO, post on NEO Confirmation Page.

4. Otherwise, into the Isolated Tracklet File (ITF).

5. NEO Confirmation Page entry is updated as new observations arrive, until 
enough data are available for a Minor Planet Electronic Circular (MPEC).
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Typical Sequence of Events

1. Receive astrometry, carry out sanity checks, and archive the data

2. If the observations correspond to a known object, natural or artificial, 
process later in the background.   This is true of ~90% of the observations.

3. If object flagged as a possible NEO, or the location and motion suggest 
an NEO, post on NEO Confirmation Page.

4. Otherwise, into the Isolated Tracklet File (ITF).

5. NEO Confirmation Page entry is updated as new observations arrive, until 
enough data are available for a Minor Planet Electronic Circular (MPEC).



Candidate NEO?
DIGEST2

•Digest2 is a tracklet classifier that outputs a score that 
tracks the likelihood that the tracklet represents an NEO.  

•Tracklet classification is an essential capability for the 
NEOCP, on the critical path for the MPC's primary funded 
task.

•The MPC applies digest2 to all submitted candidates for 
the NEOCP and posts all objects scoring above a threshold.

•The algorithm is a statistical ranging algorithm.

•Source code is publicly available.
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Typical Sequence of Events

1. Receive astrometry, carry out sanity checks, and archive the data

2. If the observations correspond to a known object, natural or artificial, 
process later in the background.   This is true of ~90% of the observations.

3. If object flagged as a possible NEO, or the location and motion suggest an 
NEO, post on NEO Confirmation Page.

4. Otherwise, into the Isolated Tracklet File (ITF).

5. NEO Confirmation Page entry is updated as new observations arrive, until 
enough data are available for a Minor Planet Electronic Circular (MPEC).
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Isolated Tracklet File (ITF) 

Courtesy of  A. Mamoutkine/T. Spahr (SBN)

Monthly additions of tracklets to the ITF.  
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Typical Sequence of Events

1. Receive astrometry, carry out sanity checks, and archive the data

2. If the observations correspond to a known object, natural or artificial, 
process later in the background.   This is true of ~90% of the observations.

3. If object flagged as a possible NEO, or the location and motion suggest an 
NEO, post on NEO Confirmation Page.

4. Otherwise, into the Isolated Tracklet File (ITF).

5. NEO Confirmation Page entry is updated as new observations arrive, 
until enough data are available for a Minor Planet Electronic Circular 
(MPEC).
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Minor Planet Electronic Circular (MPEC)

Close approach of Earth
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‘Oumuamua

Rob Weryk
Pan-STARRS 



Current MPC Focus Areas
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• Legacy System Migration

• New MPC Data Format

• New Algorithms and Services
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Legacy System Migration



Legacy System Migration

• We currently have a hybrid VMS-Linux system

• We are in the midst of a major legacy migration project, 
moving the remaining VMS processes to Linux machines.
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•Full MPC staff capable of operating, maintaining, and developing the 
system

•Modern code base: Linux, Python, Fortran/C(++), Git, PostgreSQL

•Performance and scaling to support a 10-100x data flow increase in 
the coming decade.

•Support Astrometry Data Exchange Standard (ADES) format to 
handle better data (GAIA, etc.)

•Provide full documentation.

Drivers,  Features, and Goals of New System
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New MPC Data Format



•  Observed from Earth, 
asteroid trajectories are 
highly nonlinear

• This, with the high 
density of asteroids 
makes naïve linking 
difficult

•  Unknown parameters 
(asteroid radial distance 
and velocity).

•  Sparse observations can 
be separated by weeks, 
months, or years

•  Brute force is impractical 
with 14m observations 
(Current sol’n = O(n3)!

Asteroid tracklets (from Earth’s perspective)
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New Algorithms: Linking



•  Iterate over parameters 
(heliocentric distances 
and radial velocities)

• Apply a heliocentric 
transformation to a 
common reference time.

• Search for clusters.

• New solution is O(n log 
n)!

Heliocentric Linking and 
Clustering (HelioLinC), based 
on Bernstein & Khushalani 
(2000) formalism.

Holman et al (2018).

Asteroid tracklets (from the Sun’s perspective)
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New Algorithms: Linking



New Algorithms: 
Faster MPChecker
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MPChecker allows the user to query for nearby minor planets.

Given observatory code, date/time, RA/Dec, and search radius list of asteroids

This is used heavily by a variety of communities.

Current external version is brute force and takes a few seconds.

New approach is ~80x faster, and there is room for improvement.

• Precompute the geocentric RA/Decs of all MPs on daily intervals

• Organize the MPs by date/time and sky region (HEALPix)

• A query to MPChecker quickly figures out which sky regions are involved and 
which MPs might be in the neighborhood.

• Computes accurate positions of just those MPs from the designated 
observatory.

• Generates statistically robust uncertainty regions.

 



Summary

The Minor Planet Center is playing a key 
role in the search for NEOs.

It’s a challenging task, but we are keeping 
up.

We are in the midst of a major legacy 
migration project.

We are developing new algorithmic 
approaches.

We are planning for a massive increase in 
data volume.
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Thank You
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THE VIEW FROM THE SUN



THE VIEW FROM THE SUN



THE VIEW FROM THE SUN



THE VIEW FROM THE SUN



THE VIEW FROM THE SUN



THE VIEW FROM THE SUN



THE VIEW FROM THE SUN



Faster n-body integrators
Symplectic n-body map:

A modified version of the Wisdom & Holman (1991) approach.

Uses canonical heliocentric coordinates.
Interleaves advances along Keplerian arcs with interactions terms.

Should be 10x faster for same accuracy.

The positions of the sun, large planets, and moon come from JPL’s 
DE430 ephemeris but are stored in memory.

Integrates the orbits of the large asteroids in the field of themselves and 
the sun  and large planets.

Integrates the orbits of the small asteroids in the field of the sun, large 
planets, and large asteroids.

Adding functionality for best handling close approaches.
Adding in gravitational harmonics where needed.
Adding in GR terms where needed.
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2012 TC4

Pan-STARRS

ATLAS

Spacewatch

Astronomical Research Observatory

Magdalena Ridge Observatory Spacewatch

LCOGT
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