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1 Mission Overview 
The Joint Milli-Arcsecond Pathfinder Survey (JMAPS) mission is a Department of 
Navy (DoN) space-based, all-sky astrometric bright star survey.  JMAPS is currently 
funded for flight, with at 2012 launch date.  JMAPS will produce an all-sky 
astrometric, photometric and spectroscopic catalog covering the magnitude range of 
1ɂ12, with extended results through 15th magnitude at an accuracy of 1 
milliarcsecond (mas) positional accuracy at a mean observing epoch of 
approximately 2013.  Using Hipparcos and Tycho positional data from 1991, proper 
motions with accuracies of 100 microarcseconds (umas) per year should be 
achievable for all of the brightest stars, with the result that the catalog will degrade 
at a much reduced rate over time when compared with the Hipparcos catalog. 

JMAPS will accomplish this with a relatively modest aperture, very high accuracy 
astrometric telescope flown in low earth orbit (LEO) aboard a microsat.  Mission 
baseline is for a three-year mission life (2012ɂ2015) in a 900 km sun synchronous 
terminator orbit.  
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2 Mission Status 

2.1  Programmatic Overview 
With the release of Program Decision Memorandum-III (PDM-III) in November 
2008, JMAPS is fully funded for flight through 2015.  The resource sponsor is the 
Oceanographer of the Navy, with primary execution responsibilities assigned to the 
Office of Naval Research (ONR).  The US Naval Observatory (USNO) has Principle 
Investigator (PI) and data processing responsibilities.  The Naval Research 
Laboratory (NRL) has responsibility for the space, launch, ground station and 
mission operations center segments. 

2.2  Schedule 
Based on the current funding profile, JMAPS is scheduled for System 
Requirements/System Design review in calendar year 2009, Preliminary Design 
Review in 2010, Critical Design and Technology Readiness Review in 2011, and 
launch in 2012.  All technologies will be at TRL 6 by the end of calendar year 2009.  
The mission will operate from 2012ɂ2015, with a final astrometric and 
photometric catalog release in 2016. 

3 Output products 
There are two relevant output products, or deliverables, from JMAPS:  first, JMAPS 
will generate an astrometric and photometric star catalog, accurate to 1 mas or 
better through 12th magnitude.  Second, JMAPS will mature, demonstrate and fly 
attitude sensing instrumentation that is accurate to 5 mas.  In addition to maturing 
large format CMOS-Hybrid FPA, high-stability SiC optics, and advanced electronics 
technology, JMAPS will demonstrate the ability to build and operate 10-mas class 
attitude sensors, all by 2012.  The catalog, technology and instrumentation 
demonstration are all highly relevant to future NASA missions such as NWO.  In the 
following sections, we describe instrument design in more detail, and discuss how 
JMAPS might have direct application to NWO. 

4 Spacecraft overview 
As show in fig. 1, JMAPS is a single-instrument spacecraft consisting of the 
instrument deployed on a payload deck that is affixed to the top of the bus.  The 
instrument/payload deck consists of the optical telescope assembly (OTA), the focal 
plane assembly (FPA), the instrument electronics (i.e., processor and memory), 
thermal control for the FPA, a sun shield, and the coarse star tracker.  The 
ÉÎÓÔÒÕÍÅÎÔ ÃÏÍÐÏÎÅÎÔ ÏÃÃÕÐÉÅÓ Á ÖÏÌÕÍÅ ρφȢςȱ ɉτρȢρ ÃÍɊ ɉÈɊ Ø ςυȢψȱ ɉφυȢυ ÃÍɊ Ø  
ςτȱ ɉφρȢπ ÃÍɊ ×ÉÔÈ Á ÍÁÓÓ ÏÆ τψ ËÇȟ ÉÎÃÌÕÄÉÎÇ ςυϷ ÍÁÒÇÉÎȢ 
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The lower portion of the spacecraft consists of the bus, which supports the solar 
panels and houses the power, avionics, communications, primary thermal control, 
reaction wheels, and inertial measurement units (IMUs).  The total mass of the 
spacecraft, including contingency, is approximately 180 kg.  The spacecraft occupies 
Á ÖÏÌÕÍÅ ÁÐÐÒÏØÉÍÁÔÅÌÙ σψȱ ɉωφȢυ ÃÍɊ ɉÈɊ Ø ςψȱ ɉχρ ÃÍɊ Ø ςτȱ ɉφρ ÃÍɊȢ   

In the JMAPS mission design, the Attitude Determination and Control System (ADCS) 
is integrated between the instrument and the bus.  While slewing or in acquisition 
mode, coarse attitude information at the 1 arcsecond level is generated by the star 
tracker.  This information is combined with data from the inertial reference unit 
(IRU) in the bus and processed with to generate pointing knowledge at or below the 
1 mas accuracy level.  During standard observations, the primary instrument is used 
to observe reference stars and generate boresight pointing quaternions at or below 
10 mas in accuracy at 5 Hz.  The 10 mas attitude signal is used by the ADCS system 
to drive the spacecraft pointing.  Using a system of reaction wheels the spacecraft 
achieves pointing control and stability of 50 mas. 

The primary relevance of this to the NWO program is that the JMAPS attitude 
determination subsystemɂthat is, the components of JMAPS that generate 
quaternionsɂare contained in the instrument.  The JMAPS instrument can be 

Figure 1.  JMAPS Spacecraft 
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separated from the bus and, in principle, used on other platforms for very high 
accuracy attitude determination.  This assumes that the requisite thermal and 
power connections are available.  The accuracy of resultant attitude determination 
will be a function of platform considerations such as orbit, thermal stability, 
vibrational stability, etc. 

5 Instrument Description 
Figure 2 shows the layout of the instrument on the payload.  The major components 
are all shown, i.e.: the OTA, the IEB, the star tracker and the FPA radiators.  Not 
shown are the sun shield (deployed on the rear of the payload deck to protect the 
OTA from direct exposure to the sun), thermal insulation around the OTA, the loop 
heat pipe structure to carry heat to the radiators, or the structure associated with 
supporting the radiators.  Also not visible is the FPA .  The FPA is contained inside 
the OTA, located on the payload deck in relatively close proximity to the IEB.  In the 
follow subsections, additional details are provided about the major instrument 
subsections. 

 

 

Figure 2 JMAPS Instrumentɂconceptual design of payload deck.  
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The JMAPS instrument has been designed to meet a 5 mas single measurement 
systematic error floor, including both local (i.e., centroiding), differential (e.g., 
residual distortion), and detector error sources.  The design and system engineering 
processes required to meet this specification are currently underway and include 
high-fidelity thermal, vibrational, optical and focal plane modeling.  Results of these 
design and analyses activities will be reported out at appropriate venues and 
publications. 

5.1 Optical Telescope Assembly 
The high precision and repeatability of the required measurements necessitates an 
optical system with very low aberrations and very high stability.  The JMAPS optical 
telescope is a 19 cm, f/20, on-axis space astrograph designed for a residual 
aberration and distortion floor of below 5 mas.  This is achieved through the use of 
Silicon Carbide (SiC) optics and metering structure for the powered optics, and 
through a thermal design that maximizes the thermal stability of the optical 
elements and structure. 
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The OTA consists of a plane-parallel entrance aperture window, made of fused silica.  
This window provides both a red band cutoff at about 920 nm as well as mechanical 
support for M2, with minimal stray light effects.  There are three powered elements 
and six fold flats that are used to contain the 3.8 m effective focal length in a volume 
that is approximately 2υȱ ÁÌÏÎÇ ÔÈÅ ÌÏÎÇ ÁØÉÓȢ  4ÈÅ ÓÙÓÔÅÍ ÉÎÃÌÕÄÅÓ Á ÒÏÔÁÔÉÎÇ ÆÉÌÔÅÒ 
wheel with four positions.  The first position is a wide-open visible band (~400-900 
nm), the second position is the primary astrometric bandpass blue cutoff (it passes 
light > 700 nm), the third is a low resolution spectral grating (R~15) used for basic 
color sensing, and the fourth is TBD.   

The design residual wave front error (WFE) is well below 0.05 waves at 633 nm, 
while the as-built WFE is between 0.05 and 0.067 waves at 633 nm.  Residual 
centroiding error due to static (e.g., PSF undersampling) and varying (e.g., 
thermally-induced defocus) sources of error will not exceed 3 mas RMS.  Residual 
distortion and other sources of differential astrometry error due to both static and 
varying effects will likewise be kept below 3 mas.  These sources of error roll up to 4 
mas for the optics-induced single-measurement JMAPS systematic floor 
contribution.   

 
 

   

5.2 Focal Plane Assembly 
The baseline JMAPS focal plane assembly (FPA) consists of a 2 x 2 mosaic of 
Teledyne Imaging Sensor (TIS) H4RG-10 sensor chip assemblies (SCAs), as shown in 
Figure 5.  The H4RG-10 is a 4192 x 4192, 10 micron pixel CMOS-Hybrid SCA. JMAPS 
will use the B0, or 3rd generation design of the SCA.  The first generation SCA (A1) 
has been fabricated and tested at both Goddard Space Flight Center (GSFC) and 
USNO and reported on in the literature.  USNO will take delivery of the second 
generation SCA (A2) in 2009 and immediately begin laboratory, sky and radiation 
testing working wi th both GSFC and the Air Force Research Laboratory (AFRL).  By 
early summer, initial results will be available for the A2 design.  At this point, the A2 
design will have achieved a TRL of 6. 

Figure 4: (left) JMAPS Internal Optic al Telescope Assembly (OTA) and (right) optical raytrace  


