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ABSTRACT

The Wide-Field Infrared Survey Telescope (WFIRST) is the next large space 
telescope, following in the footsteps of the Hubble and James Webb Space 
Telescopes. This flagship mission will perform extra-galactic and galactic 
surveys to study the nature of dark energy and complete the census of planets 
in our galaxy started by Kepler as described in the 2010 New Worlds New 
Horizons Decadal Survey. It will also advance the technology required for an 
Exo-Earth Imaging mission in the next decade.

With WFIRST poised to enter formulation, this talk will look at systems 
engineering challenges encountered during pre-formulation. 

Presented March 8th, 2016 at Goddard’s Systems Engineering Seminar





WFIRST SCIENCE OBJECTIVES

1. Measure acceleration of the 
expansion of the Universe. 
• Measure the expansion history of 

the Universe and…
• Characterize the growth of large-

scale structures within it. 

2. Search for extra-solar planets.
• Perform a microlensing survey and 

complete the census of extra-solar 
planets in our galaxy.  

• Develop and fly a technology 
demonstration in which a 
coronagraph instrument is used for 
direct imaging and spectroscopy of 
nearby planets and debris disks. 

3. Host a Guest Observer (GO) 
program for general astrophysics.



WFIRST MEASUREMENTS

Measurement Science Survey
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Measure positions and redshifts of emission-line galaxies at high latitudes.

Standard ruler to measure density of galaxies vs. redshift.

High Latitude Survey

(BAO/RSD)

Measure shapes and fluxes of galaxies at high latitudes. Indirect measure 

of dark matter and measurement of growth of cosmic structure by 

measuring galaxy clumping.  Distribution of cosmic mass vs. redshift.

High Latitude Survey

(Weak Lensing)

Measure the spectra, light curves, fluxes, and redshifts of Type Ia

supernovae.  Distance via standard candle and acceleration via 

redshift.

Supernova Survey
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Monitor microlensing events toward the Galactic Bulge. Detect 

presence of planet by brightening of background star.  Statistical census.
Microlensing Survey

Image known planets and perform a blind search for new planets in 

multiple colors.

Coronagraph SurveyCharacterize the atmospheres of imaged planets with spectroscopy.

Make imaging observations of disks.
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SCIENCE OBJECTIVES VS. SURVEYS VS. INSTRUMENTS

OBJECTIVES 
1. Measure acceleration of the 

expansion of the Universe. 
2. Search for extra-solar planets. 

3. Host a guest 
observer 
program.

SURVEYS 

Dark Energy Surveys
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planet 
Micro-
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Guest 
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DESIGN CYCLES 



MISSION OVERVIEW
MCR DESIGN CONCPT

Mission Life: 6 years (+ ~3 month checkout)

Mission Orbit: Sun-Earth L2

Baseline Launch Vehicle: Delta-IV Heavy

Mission Classification: 
• Class B Overall
• Class C Coronagraph technology demonstration

Observatory:
• 2.4 m primary mirror Telescope (existing)
• Wide Field Instrument (WFI)
• Coronagraph (CGI)
• S/C Bus
• Modular Serviceable Design

Ground System: Dual site dedicated ground stations
• Northern GS- White Sands, Southern GS- Punta 

Arenas

SOLAR ARRAY

SUN SHIELD

INSTRUMENT 

CARRIER (IC)

SERVICABLE

AVIONICS 

MODULES X7

OUTER BARREL 
ASSEMBLY (OBA)

WFI

CGI

SCARF

OBA DOOR



MISSION OVERVIEW
MCR DESIGN CONCPT

Proof of Concept Observing Schedule

Central Line of Sight and Field of Regard



WFIRST SCIENCE IMAGING:  REQUIREMENTS

Wide Field Instrument

• Small point spread function (PSF) 
diffraction limited at 1.2um

• PSF Ellipticity knowledge to < 4.7 x 
10-4 rms

• Nanometer stability over minutes of 
exposure time

Coronagraph

• 10-9 contrast requirement

• Picometer stability over hours of an 
observation

…but Coronagraph is a technology demonstration and cannot drive Observatory requirements.



WFIRST SCIENCE IMAGING:  CHALLENGES

Wide Field Instrument

• Detector technology – 4kx4k, 10μm pixels 
with low dark current and low persistence

• Large data volume – 302Mpixels per 
exposure

• Optical alignment and verification of 
system with large mirrors (which sag with 
gravity))

Coronagraph

• Occulting mask technology….and 
achieving contrast with an obscured 
aperture

• Internal jitter, drift and wavefront error 
correction (complicated flight software 
and deformable mirror development)



MISSION CONCEPT TRADE EXAMPLE:  
GEO VS. L2 ORBIT

GEO Orbit

• Bent-pipe downlink to a dedicated 
ground station

• Harsher radiation environment

• Smaller propulsion system

• Observing constraints due to Earth and 
Moon

L2 Orbit

• Limited downlink requiring compression 
and on-board storage with ground 
station contact schedule

• Lower charged particle flux (less 
shielding required)

• Reduced thermal and mechanical 
disturbances (no Earth load and 
reduce HGA stepping)

• More efficient observation schedule



MISSION CONCEPT TRADE EXAMPLE:  
DOWNLINK CONCEPT FOR L2 ORBIT
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From “Payload Overview”, WFIRST MCR, Lisa Bartusek, Payload 
System Engineer



TELESCOPE PEDIGREE AND CAPABILITY INVESTIGATION

• The original application is very different than the WFIRST application.  

Will the Telescope perform adequately within the WFIRST application?

• The hardware was built in early 2000, will not launch until the 2020s and 
needs to survive a 6-year mission life and 10-year goal.  

Are there any issues or risks due to aging?

• The hardware was built for a non-NASA customer.

Do the original Mission Assurance standards meet NASA requirements?

• The previous Program was shut down part way through its verification 
program.  We need to understand the current state of the hardware 
including traceability, what environments it was exposed to, what 
problems it encountered and how they were resolved, etc.

What is the state of the Telescope hardware?

Application  Pedigree
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TELESCOPE PEDIGREE AND CAPABILITY INVESTIGATION



TELESCOPE PEDIGREE AND CAPABILITY INVESTIGATION



WFIRST DRIVING “REQUIREMENTS”
…AS WE UNDERSTAND THEM TODAY

Science 

• Image quality and stability

• High signal-to-noise ratio

• Observing efficiency

• Data volume and completeness

Programmatic

• Existing telescope

• Technology demonstration of 
coronagraphy for exoplanet 
characterization

• On-orbit servicing



WFIRST/WFI WILL DELIVER “HST QUALITY” NIR IMAGING AND SPECTROSCOPY 
WITH MUCH BETTER STABILITY OVER 1000'S OF SQUARE DEGREES!
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FOR MORE 
INFORMATION

http://wfirst.gsfc.nasa.gov

https://www.facebook.com/NASA
WFIRST

http://twitter.com/NASAWFIRST

http://www.nasa.gov/press-
release/nasa-introduces-new-
wider-set-of-eyes-on-the-universe

https://youtu.be/LbJpVHMV1m4

http://wfirst.gsfc.nasa.gov/
https://www.facebook.com/NASAWFIRST
http://twitter.com/NASAWFIRST
http://www.nasa.gov/press-release/nasa-introduces-new-wider-set-of-eyes-on-the-universe
https://youtu.be/LbJpVHMV1m4
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